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. The Poor Old Steam Locomotive. 


__ The American Institute of Electrical Engineers 
celebrated its first meeting in its new home in 
the United Engineering Building by gathering 
together to the number of about a thousand for 
‘the purpose of administering a knock-out blow 
to that relic of primitive engineering days, the 
steam locomotive. One or two consulting spe- 
Cialists took a leading part in the performance, 

in the main it was an exhibition by the emi- 


Bt ment engineers of various electrical manufactur- 


ing companies, skilfully alternated in the order 
of speaking by the president, so that no one com- 
pany should be given any advantage over its 


_ fiyals. Unfortunately this talent had trained for 
the event so well that after demolishing any rem- 
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nants of respectability possessed by the steam 
locomotive, they worked off their unconsumed 
energy in tearing to pieces each other’s main 
arguments. They all agreed that the only place 
left in railway service for a steam boiler was in 
a power station, but that was as far as they 
agreed. The consequence of the debate was that 
the members of the American Society of Civil 
Engineers, the New York Railroad Club and 
other organizations whose members have the final 
decision in matters of electrification, came away 
with a feeling that while the steam locomotive 
was pretty badly mauled the same was true of 
every electrical system that was byeught forth 
for the highest honors. There was no unanimity 
of opinion regarding the proper system of elec- 
trical propulsion to adopt, and if a half of the 
adverse criticisms of each system are true, and 
they were made by “experts,” then no railway 
company has any incentive to adopt electric trac- 
tion until compelled to do so by terminal condi- 
tions, the growth of traffic on some mountain 
grades, or other local cause. 

Elsewhere in this issue there appears a brief 
abstract of the paper by Messrs. Stillwell and 
Putnam which provoked this remarkable discus- 
sion. The paper represents a large amount of 
excellent work, and the authors’ boldness in talk- 
ing very plainly about things which are supposed 
to lie within the close preserve of the engineers 
of manufacturing companies makes their state- 
ments highly interesting. From the point of view 
of the electrical engineer, the paper is very valu- 
able, beyond question, and the data of actual oper- 
ating results which it contains will be found 
worthy of careful study by railway officials. And 
yet it is not likely that the paper will make much 
impression on civil engineers interested in rail- 
way affairs, for the simple reason that about 
everything in it is written from a viewpoint that 
is not held by them. For example, a great deal 
is made of the results of steam and electrical 
operation on the Manhattan elevated railway in 
New York,,which is a road of a unique character 
presenting problems so unlike those of the ordi- 
nary steam line that about the only similarity 
is the fact that both systems are termed railroads. 
This elevated system was confronted with the 
question of getting the maximum number of 
trains, making frequent stops at platforms of 
limited length, over double-track lines having a 
roadbed entirely unlike that of any ordinary 
railroad. These trains were necessarily rather 
short, owing to several causes wholly apart from 
the fact that the elevated structures would not 
carry locomotives able to haul more cars. The 
performance of these locomotives affords no cri- 
terion of the performance of average freight and 
passenger locomotives, for they were specially 
designed equipment for a service in which good 
locomotive performance is not practicable. The 
elevated railways offer particularly good exam- 
ples of track and traffic conditions which combine 
to make electric operation overwhelmingly supe- 
rior to steam locomotive operation. It is very 
dificult to understand, therefore, why the success 
of electric traction under such conditions is a 
proof of its success under wholly different con- 
ditions. This is not an assertion that electric 
traction may not become fairly common on main 
lines within fifteen or twenty years, but simply 
a protest against the character of the so-called 
proof of the truth of this prediction which is 
given by electrical engineers. 

A large part of the paper of Messrs. Stillwell 
and Putnam is a comparison of their ideas of 
the cost of electrical traction with the grand aver- 
age of the figures given in the statistical report 
of the Interstate Commerce Commission. It looks 


_as if somebody played a practical joke on the 


authors of the paper. The very last place that 
an experienced railway officer searches for in- 
formation on the cost of railway operation is 
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among the figures used by Messrs. Stillwell and 
Putnam. In a few cases, where very rough ap- 
proximations will serve, the Commission’s district 
figures for some group of States may be em- 
ployed, but the average for the country is so lack- 
ing in practical value as to be of interest only to 
statistical experts who care more for figures than 
for actualities. The paper asserts that the cost 
of electrical operation will be but 82 per cent. 
of the cost of steam operation during the last five 
years, based on the average figures of the Inter- 
state Commerce Commission, but the railway offi- 
cial knows so well that these average figures 
do not represent more than very approximately 
the conditions on any road that the comparison is 
of little interest to him. 

Although the actual numerical comparison of 
steam and electrical operation which the authors 
have worked out with great elaboration has only 
a limited value, the statements they give con- 
cerning the effect of electrical operation on each 
of the 53 items of expense in the Commission’s 
schedule are of more interest. With this infor- 
mation, the railway official can examine at his 
leisure some of the projects for the electrifica- 
tion of portions of his line. It is very likely that 
he will make a study of the density of traffic and 
of sidings to prevent long trains obstructing traf- 
fic, he will look at grades and curvature differ- 
ently than in the past, he will.look into the effect 
of sending out short freight trains at frequent in- 
tervals rather than holding cars until long trains 
can be made up and shippers’ patience is exhaust- 
ed, he will give the subject of grade crossings 
more attention than they now get, he will inves- 
tigate the chances of delay to his pet “Unlimited 
Thunderbolt,” which is hauled through by steam 
on time almost every day in the year, because all 
other traffic can be easily held for it, and will con- 
sider other things just as important as uniform 
torque on driving axles. When he has looked 
into all these things which are more vital than 
the actual expense of operation, and has found 
out that by means of electric traction he can get 
more trains over his lines in a manner that will 
be a great accommodation to the patrons of the 
road, then he will begin to pay careful attention 
to the cost of an electric installation and the ex- 
pense of operating it. He will probably decide 
that electrical operation is worth trying on some 
sections, but it is still more probable that after 
making allowances for depreciation and a few 
more items which the paper mentioned treats 
rather airily, he will decide that on a large per- 
centage of his line the steam locomotive is the 
best source of power. Electricity may replace 
steam locomotives generally, but this journal does 
not believe it will happen for many long years to 
come, although its great advantages for some 
special cases may lead to a considerable local use 
at an early day. Electric traction will probably 
develop a special field for itself rather than take 
the place of the steam locomotive, within a long 
period, anyway; just as the telephone and wire- 
less telegraphy have not supplanted the telegraph 
to any extent, although the telephone once caused 
a famous panic on the London Stock Exchange, 
so great was the apprehension of what it would 
do to telegraph shares. 


The Calumet Canal and the Lake Levels. 


On Jan. 4 the International Waterways Com- 
mission reached a decision respecting the diver- 
sion of water through the Chicago drainage canal 
which was doubtless expected by those engineers 
who have followed the development not only of 
Great Lakes navigation, but also of sewage dis- 
posal. The Commission points out in its report 
that the trustees of the Chicago Drainage Dis- 
trict have never had any authority from Con- 
gress for the diversion of 10,000 cu. ft. of water 
per second from Lake Michigan, as contempiated 
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by the original plans for the canal, and until the 
subject was presented to the Commission no ques- 
tion of diversion had been before any body rep- 
resenting the federal government. When the 
canal was opened the Secretary of War was 
asked to give permission for the diversion of 
enough water to comply with the State law re- 
quiring a certain amount of dilution of the sew- 
age intg the river, and after an investigation he 
gave a revocable permit to divert 4,167 cu. ft. 
per minute, an amount not prejudicial to navi- 
gation. Works are now under construction by 
which more water can be delivered to the canal 
without causing velocities in the river which will 
be dangerous to shipping. 

Although the diversion of a large amount of 
water was never submitted to Congress or to 
the Secretary of War, the action of the federal 
authorities in silently acquiescing in the construc- 
tion of these drainage works at an expense of 
about $41,000,000 has led to the general belief 
that they would raise no objection to drawing 
10,000 cu. ft. from Lake Michigan through them. 
When the International Waterways Commission 
took the subject under advisement, it accordingly 
concluded that it was morally bound to agree to 
such diversion, although it would cause a lower- 
ing of 4% to 6% in. in the lake levels. This 
decision no sooner reached the trustees of the 
Drainage District than they made a very vigor- 
ous protest. On account of the use of channel- 
ing machines in excavating the rock cuts along 
the drainage canal, the latter has a carrying 


capacity in such places of 14,000 cu. ft. instead: 


of 10,000 cu. ft., as estimated before it was known 
that such smooth rock surfaces could be ob- 
tained. On account of this extra capacity, the 
trustees have proposed to turn back part of the 
flow in the. Calumet River as was done in the 
case of the Chicago River, and utilize it for re- 
moving the sewage of the Calumet district, which 
has a rapidly growing population. The trustees 
have also begun the construction of a power 


plant and other works based on this increased . 


flow of 14,000 cu. ft. per second, and they accord- 
ingly view with extreme disfavor the decision of 
the Commission that not more than 10,000 cu. ft. 
should be diverted. 


The subject brings up two of the most im- 
portant present problem sof American civil engi- 
neering, the maintenance of ample navigable chan- 

‘nels on the Great Lakes and the disposal of the 
sewage of the future suburban portions of the city 
of Chicago. So far as navigation is concerned, 
the depths in many portions of the Great Lakes 
and the lake harbors are none too great for safe 
navigation. The diversion of 14,000 cu. ft. of 
water from Lake Michigan is estimated to lower 
the general lake levels about 6 to 8% in. and 
this journal believes, with the Commission, that 
if such a lowering can be avoided it should be 
done. The commercial interests of the whole 
lake district are too vast to be subjected to such 
a check. While it is true that it can be avoided 
by expensive dredging and other work to deepen 
the channels, harbors and canals, if there is a 
way to avoid it and at the same time leave Chi- 
cago a method of disposing of the sewage of its 
suburbs in a sanitary manner, the diversion of 
more water from the Lakes should be prevented. 
When the drainage canal was designed by Mr. 


Rudolph Hering and his associates, but two meth-" 


ods of disposal were well understood, dilution 
and filtration. Since that time there has been a 
great development of knowledge on the subject, 
and the problem of sewage disposal has been 
rendered far easier of solution by the adoption 
of biological methods of treating the sewage be- 
fore it is discharged into rivers and lakes. In 
view of this fact the question of disposing of 
the sewage of the Calumet district was turned 
over to Messrs. Hering and Fuller, whose very 
interesting report to the Commission on the sub- 
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ject will be found elsewhere in this issue. As 
Mr. Hering was the engineer who designed the 
main features of the drainage canal, the report 
has-a special importance. 

The situation is.a unique one in the history of 
sanitation, for no other city has changed the 
direction of flow of a large river across half a 
continent for the sake of sewage disposal. It 
has spent large sums for this purpose and a 
project of a ship canal from the Great Lakes to 
the Gulf of Mexico has been woven into it, along 
with the development of water power and the 
settlement of industrial establishments along the 
line of thegcanal. If all these things could be 
carried out without serious injury to great in- 
terests, everybody would be gratified, but appar- 
ently they cannot. The diversion of 10,000 cu. 
ft. per minute will dispose of the sewage of half 
again as many people as Chicago now numbers. 
It will furnish a 1I4-ft. waterway to St. Louis, 
which is better than the waterway along the Mis- 
sissippi from that city to the Gulf of Mexico, and 
it will yield a large amount of power. The di- 
version of more water will affect the depth of 
channels and harbors adversely, every inch of 
decreased depth adding in greatly increasing ratio 
to the cost of the channel improvements which 
will become necessary for present vessels, let 
alone those which future traffic may render de- 
sirable. Accordingly it seems that the development 
of the drainage canal into the great enterprise 
of complex purposes that some of the trustees 
apparently contemplate should be vigorously op- 
posed by the lake shipping interests. The re- 
port printed elsewhere in this issue shows that 
great injury to navigation is not made necessary 
by the sanitary needs of Chicago’s growing popu- 
lation. The proposed limitation of the diversion 
of water to 10,000 cu. ft. will doubtless be op- 
posed by the trustees with all their energy, and 
when it comes to securing Congressional action 
the trustees unquestionably wield a great power, 
and understand that a battle is often won by get- 
ting into action promptly. For this reason the 
other lake cities and the interests engaged in lake 
shipping will do well to wake up to the need of 
prompt measures or they will find themselves in 
a predicament. 


Types of High Dams. 


The development of great projects for public 
water supplies and power purposes has created a 
general demand for high impounding dams hith- 
erto tfnknown in engineering. This demand in 
turn has stimulated a sort of rivalry among the 
designers. and builders of these high structures, 


_ some of whom advocate the older class of high 


masonry dams while others approve just as 
strongly the earth dam for almost any height that 
may be desired, while still others look with favor 
upon some typé of composite structure involving 
a comparatively light masonry construction cov- 
ered both up and down stream with great masses 
of earth, This latter type scarcely includes the 
familiar earth dams with masonry core walls, but 
it covers rather a light masonry dam imbedded 
in a great earth embankment. Obviously there are 
many situations in which the local conditions are 
of such character as to fix the type to be adopted 
without much regard to the special arguments 
regarding it which might naturally be used in 
selecting a design for many other locations. 

The high masonry dam has one well-defined 
excellence in the clean-cut system of computations 
to which it lends itself in determining the dimen- 
sions of its profile. There is no engineering struc- 
ture for the design of which the main elements of 
computation are more clearly known or defined, 
for they depend simply upon the depth of water 
to be impounded and the weight of masonry to be 
employed, assuming that the foundation bed is 
satisfactory The usual approximation neglecting 
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the weight of water resting upon the concave 
curvature of the upstream face, does not sensibly 
affect this observation. 

Given a satisfactory foundation and admitting 
all that can be claimed for definition in the com- 
putations, it may be, and is, asserted that there 
are other features of this style of constructure 
which are of serious import. A high masonry 
dam is usually of such length as to afford oppor- 
tunity for expansion and contraction, due to sea- 
sonable changes of temperature, which will pro- 
duce cracks extending possibly through’ at least 
the upper part of its mass and be of sufficient 
magnitude to affect materially its water tightness 
or even to’ raise questions regarding its stability 
which it is desirable to avoid. The rate of ther- 
mal expansion and contraction of masonry is 
practically the same as that of an iron or steel 
structure, and at first sight it may easily appear 
that the change in linear dimensions of a high 
masonry dam due to passing from summer to win- 
ter, will be enough to rupture the mass in perhaps 
a number of places. 

On the other hand, it is argued that while these 
changes produce computed results that appear 
serious, it is to be remembered that the thermal 
variations in question are confined largely to 
those portions of the masonry near the exterior 
surfaces of the structure and even to that sur- 
face only, in many structures, exposed to the sun. 
It may be said that a large interior mass of ma- 
sonry suffers but a’small change in temperature, 
especially as great reservoirs are seldom drawn 
down far enough to expose any large portion of 
their vertical height to wide atmospheric changes. 
If the alternations of expansion and contraction 
produce objectionable cracks in masonry dams, it 
is quite feasible to fill those cracks during such a 
season of the year as will insure their continuing 
closure. This has been satisfactorily accomplished 
in actual structures. In fact there appears to be 
no reason why any small opening of any depth 
should not be successfully treated in this man- 
ner. It is not unlikely that too much has been 
made of thermal cracks in all classes of masonry 
where considerable length of structure is involved. 


Cracks due to expansion and contraction in 
masonry dams occur chiefly, if not entirely in 
their upper or thinner portions, where the rela- 
tively thin mass is much more affected by thermal 
changes, and above that part of the upstream face 
which is constantly in contact with the water. 
Wherever this tendency may prove ‘troublesome 
it can be largely and perhaps entirely controlled 
by embedding comparatively light ‘steel rods in 
the masonry parallel to the axis of the structure, 
as has been done in the Burraga dam in New ° 
South Wales, for example. It is not possible to 
state just how much steel is required to prevent 
all cracks, but it is certainly too small an amount 
to make its cost a material consideration. They 
can readily be embedded in any masonry as it 
would be of little consequence whether they are 
straight or not. This is a markedly economical 
and effective procedure. 


The high earth dam, either with or without a 
core wall as a water stop, is of comparatively re- 
cent construction. When properly designed and 
put in place there appears to be no good reason 
why they should not be carried up to any desired 
height. There are locations where they are emi- 
nently suitable and: can be constructed with 
marked economy. Obviously their design is not 
accomplished by means of well-defined computa-— 
tions. There are certain specific conditions which 
must be fulfilled for their satisfactory construc- 
tion, and where adequate foundations are éasily 
attainable it would be difficult to show why a 
more expensive type should be adopted. Any 
seepage through them or under them must be re- 
garded with more or less apprehension and it 
should not be permitted, nor should they be em- 
ployed in any location where, by any possibility, 


te 
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things being favorable to their design, 
_ mass of embankment may be economically formed, 
| the many and destructive failures of this class of 
' dams indicate that if interests of magnitude are 
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they can be overtopped with flood waters or where 
such waters may have opportunity to attack the 
mass of the structure. Although they are admir- 
ably adapted to certain locations where, other 
a great 


at stake they should only be employed where 
every element of the case can be estimated and al- 
lowed for beyond a doubt. 

Composite structures consisting of compara- 


tively light masonry dams embedded in great 


earth embankments have not yet been tested by 
extended experiences. They certainly have the 
disadvantage of consisting of two portions of 
dissimilar nature, and it is a question whether 
there are many conditions under which they could 
economically be built. The masonry member 
should certainly be carried to a bed rock founda- 


tion, and having gone that far it would in general 
» certainly be more economical to complete the dam 


as a masonry unit. In fact it is probably as true 
in the construction of dams as in bridge work, 
that the certainty and clear definition of a single 
system possesses advantages too great to be out- 
weighed by any scheme of duplex structure. 


The Advertising Value of Personality. 


This journal recently published some corre- 
spondence regarding titles which should or should 
not be given subordinates in large engineering 
concerns. As was then intimated the usual prac- 
tice is to conduct a business of this sort in a 
manner strictly impersonal, the engineers being 


~ merely items in the sum total of the company, 


_ cern. 


unknown to outsiders, however thoroughly they 
may be appreciated within the organization to 
which they belong. So far as giving formal titles 
is concerned it matters little. It is not the title 
that makes the man but the man who justifies 
the title. It was probably left to one of the gov- 
ernment departments to devise the lowest title 
ever conferred upon a person of technical atiain- 
ments, to wit: Fourth Acting Sub-Assistant. It 
would certainly be unwise and useless to copy 
this degrading nomenclature in a commercial con- 
On the other hand, while it is perfectly 
true that. much personal recognition may some- 
times give the recipient a case of swelled head, 
thereby damaging the morale of the organization 
to which he belongs, yet the personal element 
in engineering affairs has a distinct and consid- 
erable commercial value. Owing to the imper- 
sonal way in which large engineering concerns 
are generally managed, it often happens that sub- 
ordinates of really distinguished ability and wide 
experience are almost entirely unknown as per- 
sons to the customers of the company and hence 
in dealing with customers carry far less weight 
than is their due. A department engineer in a 
big concern has generally acquired a great deal 
of valuable experience, but if he does not get 
public credit for it, his opinion is very little re- 
garded outside of his own associates, and espe- 
cially by those who are not familiar with that line 


_ of engineering in which he is expert. 


a 
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Let us suppose, for example, two engineering 
companies are after some big contract and each 
sends an engineer as representative to hold up 
the hands of its local agents. One young man 
goes out merely as “our Mr. Smith, from the 
engineering staff.’ The other appears on the 
scene as Mr. Jones, chief engineer of the smelter 
department, known to the customer for half a 


_ dozen years as the designer of a score of suc- 
cessful plants. 


Mr. Smith is naturally regarded 
by the customer as a mere understrapper, while 


| _ Mr. Jones, who very likely knows his business 
no better, is judged by what he is known to have 


mplished and his word goes a long way 
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towards securing the contract for his company, 
not so much because he bears a particular title, 
but because he is personally and publicly known 
as a skilful and successful representative of his 
organization. This fact may make it necessary 
to pay him a thousand or two dollars per year 
more than Mr. Smith receives, but one such ex- 
perience as that just noted would return, this 
sum tenfold to the employer. 

There is one big concern that for a good many 
years systematically not only gave its capable 
men public credit for their work, but went rather 
out of its way to exploit them, and the result 
was that its representatives were known by repu- 
tation wherever they went and brought a vast 
amount of business to the company, repaying 
many times over any extra expense that this 
policy may have entailed. 

Of course, this sort of personal publicity can 
be overdone, but it has a very considerable cash 
value to the employer beside making the engineer 
feel that his services are appreciated. As regards 
salaries, the engineering staff knows only too well 
that possibilities are limited and it is not likely 
to get an exaggerated idea of its proper remuner- 
ation. As a general rule the private secretary of 
a Seventh Vice-President is more in line for 
pecuniary reward than an assistant to the Chief 
Engineer. The question of a title as such is rela- 
tively of small importance, but the personal ele- 
ment is one that cannot be disregarded, even in 
a large concern, without risk both of fomenting 
discontent and of losing prestige when brought 
into competition under circumstances that lend 
value to personality. A conservative middle 
course in such matters would seem to be the wis- 
est one. 


Notes and Comments. 
=e 

CLEANING Stow Sanp Fitters, by washing the 
surface sand on the beds instead of first scraping 
it off, has been practiced by the Department of 
Water Supply,-Gas and Electricity of New York. 
The raw water is admitted from one bed to the 
surface of the bed to be cleaned and the surface 
is broken up by men with rakes. The velocity 
is sufficient to carry off the silt into the waste 
pipe. After various trials it has been found that 
dividing the bed into bays about 20 ft. wide with 
boards induces a high current and gives the best 
results. According to the recent report of Mr. 
I. M. De Varona, chief engineer of the Depart- 
ment, the beds are as efficient after washing as 
after scraping, and the cost of the former method 
per acre is only $25, as compared with $70 for 
the latter. 


Tue Betmont Tunnet of the New York & 
Long Island R. R. Co., connecting Manhattan 
and Long Island City, was officially inspected on 
Jan. 7 by Mr. H. P. Nichols, engineer of the 
Bureau of Franchises of New York City. In his 
report, submitted on Jan. 18, he states that but 
625 ft. remain to be excavated before the north 
tunnel will be completed, and about 700 ft: in 
the south tunnel. He quotes Mr. William Bar- 
clay Parsons, vice-president of the company, as 
stating that it will be March at least before the 
tunnels are completed. The construction of this 
tunnel in the face of numerous obstacles has been 
a distinctly creditable performance, and it is to 
be hoped that the city will do nothing to delay 
its early use by the public. There are certain 
conditions relating to franchise privileges that 
may have to be adjusted, but the manner in 
which the work has been pushed since Mr. Bel- 
mont undertook it deserves recognition by the 
city. The transportation facilities this tunnel 
line will afford are greatly needed, and the pos- 
sibility of delay in furnishing them on account 
of a squabble over needlessly onerous franchise 
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terms will not be viewed with particular gratifi- 
cation by a considerable part of the public. 


Surip-BuILpInG IN GOVERNMENT YARDS is not 
an economical undertaking, and in the last re- 
port of the chief of the Bureau of Construction 
and Repair attention is called to the fact that 
ships constructed by government force cannot 
possibly cost as little as those bought from pri- 
vate builders. Hours of labor are shorter, pay 
higher and holidays more frequent in government 
employ than elsewhere. The plea made for such 
construction in one yard on the Atlantic Coast and 
one on the Pacific Coast is based on an entirely 
different consideration, the maintenance which 
such construction permits of an efficient body 
of trained mechanics able to carry out emer- 
gency repairs and forming a reliable nucleus for 
large gangs in case of military necessity.. This 
argument is a very different one from that ad- 
vanced in Great Britain for the construction of a 
large proportion of the important vessels in the 
government yards. There the reason given for 
this course is an undisguised claim that a con- 
siderable body of workmen will get better pay 
by doing this work in government yards than in 
private works. There is consequently a great 
difference between the construction of ships in 
a navy yard on each coast of this country and 
the British proposal to fill up the government 
yards at the expense of the companies able to 
do work of the same quality at a lower cost. 


Tue NracarA Faris Power Dectsion rendered 
by Secretary Taft, on Jan. 18 was manifestly 
drawn to conform completely in spirit as well 
as in words with the terms of the act passed by 
Congress for the preservation of the Falls. Fol- 
lowing the testimony of Dr. Clark, New York 
State Geologist, and information furnished by 
the International Waterways Commission, he 
ruled that the diversion of 13,000 cu. ft. a sec- 
ond from the Canadian side will not in any way 
affect the American Falls, nor will the use of 
15,600 cu. ft. on the American side have any 
appreciable effect on their appearance. He has 
accordingly issued permits to the Niagara Falls 
Power Co. for 8,600 cu. ft., to the Niagara Falls 
Hydraulic Power & Manufacturing Co. for 
6,500 cu. ft., and to parties along the Erie Canal 
for 400 cu. ft. In addition he has granted per- 
mits to Canadian companies to transmit power 
to the United States as follows: International 
Railway Co., 1,500 h.-p.; Ontario Power Co., 
60,000 h.-p.; Canadian Niagara Falls Power Co., 
52,500 h.-p.; Electrical Development Co., 46,000 
h.-p.; a total of 160,000 h.-p. These permits are 
revocable at pleasure by the Secretary of War 
and will expire on June 29, 1909, in the absence 
of further legislation by Congress. The most im- 
portant feature of the Secretary’s decision, as 
respects the beauty of the Falls, is his determina- 
tion to have the American side of the gorge be- 
low the Falls cleaned up so as to lose its present 
resemblance to the back yard of a shiftless house- 
holder. Messrs. Charles F. McKim, Frank D. 
Millet and F. L. Olmsted are to be retained to 
advise the Secretary what changes, at an ex- 
pense not out of proportion to the extent of the 
investment, can be made to put the side of the 
gorge from top to bottom in natural harmony 
with the Falls and other surroundings, and con- 
ceal so far as possible the raw commercial aspect 
that now offends the eye. Compliance with the 
conditions which will be formulated after con- 
sultation with these specialists will be insisted 
upon in granting the permits. This decision is 
an excellent one, and in the three years it covers 
plenty of time is afforded for a detailed study of 
the whole subject in a rational and calm man- 
ner, so that both the needs of industrial develop- 
ment and the preservation of the scenic grandeur 
of the locality shall have due consideration. 
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Diagram Showing Arrangement of Caissons. 


The Foundations of the Singer Building 
Extension, New York. 


The Singer Building, at Liberty St. and Broad- 
way, New York, will, when completed, include 
the original Singer and Bourne buildings and 
extensions to both of them, united in a single 
structure having a general height of fourteen 
stories and having, as described in The Engineer- 
ing Record of Sept. 8, 1906, a total contents of 
nearly 6,700,000 ft. with a typical office floor sur- 
face of over 20,000 ft. and a total street frontage 
of 369 ft. The extension fronting on Liberty St. 
has already been built, and the last one, 115 ft. 
deep with a front of 75 ft. on Broadway, is now 
under construction and its foundations are well 
advanced. 


This part of the building is the most important 
and ,interesting on account of the tower, 63 fet. 
square, which is nearly concentric with it and rises 
28 stories above the main roof to a total height of 
over 612 ft. above the curb. The tower as well as 
the main building is of fireproof construction, with 
steel-cage framework and stone-trimmed brick 
walls, the latter having a maximum thickness of 
38 in. at the base of the tower. The enormous 
stresses developed by the dead load of the struc- 
ture and by the calculated wind pressure require 
the foundations to be absolutely solid and un- 
yielding, as any settlement in them might prove 
very disastrous on account of the unprecedented 
height of the building. They are therefore made 
with concrete piers carried to solid rock and 
subjected to loads limited to 15 tons per square 
foot. The soil at the site corresponds with that 
usually found in this locality on which so many 
_ of the very tall buildings in the financial district 
have been erected. It consists of sand, quick- 
sand, clay and boulders to a depth of about 70 
ft. below the curb or 50 ft. below ground-water 
line, where a stratum of hardpan from 20 to 25 
ft. thick is encountered overlying gneiss rock 
with an approximately horizontal stratification. 
This condition made pile foundations or those 
built in open pits impracticable and the pneu- 
matic caisson process was adopted for carrying 


the footings to the rock about 90 ft. below street 
level. 


In ordinary pneumatic caisson work, in -New 
York, the total area of the caissons seldom ex- 
ceeds 25 or 30 per cent. of the area of the build- 
ing, but in this case, the loads carried were so 
excessive that the area of the caissons is ap- 
proximately one-half the total area included 
within the building lines, thus makng the num- 
ber of caissons so great and the clearances be- 
tween them so small that the problem of sink- 
ing them within a limited time was a difficult 
one. Several alternate plans were considered for 
the arrangement and sizes of the caissons and 
the system was finally adopted, as shown in the 
accompanying diagram, which provided for 
grouping the columns in pairs, each supported on 
a single rectangular caisson, with the exception 
of five columns located in such a manner that 
they were more advantageously carried on sep- 
arate caissons. The sizes of the caissons vary 
from a minimum of 6% ft. in diameter for two 
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of the detached columns, to 7 ft. 8 in. by 21 ft. 
2 in. 

There are two rows of caissons on opposite 
sides of the lot, with their long sides perpendic- 
ular to the lot lines, each of which is arranged 
to receive one wall column and one interior col- 
umn near the opposite ends of the caisson, thus 
balancing their reactions and permitting the wall 
columns to be located beyond the centers of grav- 
ity of the caissons. The long dimensions of the 
interior caissons are at right angles to those of 
the exterior caissons so as to provide for more 
convenient construction operations. The cais- 
sons are separated from 3 to 7 ft. in the clear 
and are entirely independent and disconnected, 
no provision being made to make them form por- 
tions of a continuous wall enclosing the lot, as 
has been done with other tall buildings which, 
unlike this one, provide rooms at a great depth 
below the water level where heavy external hy- 
drostatic pressures must be resisted. 

The contract for the substructure was awarded 
Sept. 18, 1906, and provided that the piers should 
be completed ready to receive the steel super- 
structure in 110 calendar days. This necessi- 
tated special provision for the installation - of 
plant to handle 30 caissons in a very limited area, 
through which it was impossible to provide a 
continuous passage across the lot from street to 
street, the single frontage making it necessary 
for teams to use the same narrow space for en- 
trance and exit. 

After the old buildings were. demolished, a 
timber platform 30 ft. wide supported on framed 
trestle bents was built nearly on the longitudinal 
center line of the building, extending from the 


1 ore 
se 


THe uue 


VoL. 55, No. 5- 


Broadway front to a point about 20 ft. from the 
rear end of the lot, and served for teams to de- 
liver materials and remove the spoil excavated. 
This platform was located to clear all of the 
exterior caissons and was provided at the rear 
end, near the center of the lot, with a two-story 
tower 46x48 ft. at the base and 28 ft. high. On 
the top of the tower was seated a standard der- 
rick, traveler 30 ft. square and 30 ft. high, pre- 
viously used by the contractors for various jobs 
of similar character in this city, where, however, 
it has generally been mounted on wheels and 
moved back and forth on the lot to command its 
full length, as at the United States Express 
building, described in The Enginetring Record 
of March 3, 1906. 

In this case the whole lot was commanded 
from a single point and the wheels were removed, 
transforming the traveler into a stationary steel 
tower with double’ vertical posts and a 60-ft. 
wooden boom of 15 tons capacity at each corner. 
On the upper deck of the tower there were in- 
stalled four double-drum Lidgerwood hoisting 
engines to operate and swing the booms, and 
below it clearance was provided for two tracks 
for incoming and outgoing wagons and trucks, 


which could be driven under and through the 


tower, be loaded or unloaded by the derricks and, 
after turning around at the rear of the platform, 
drive out at the opposite end with the minimum 
interference with each other. The tower had 
t2x12-in, sills, vertical and batter posts, and 
3xi2-in. diagonal braces thoroughly bolted at in- 
tersections, giving it great rigidity. 

The caissons are of the improved type already 
illustrated in this journgl in the descriptions of 
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the United States Express building and Trinity 
building, and have permanent wooden working 
chambers of simpler construction on which tem- 
porary forms are erected arid the concrete piers 
are cast before sinking. The caissons, weighing 
up to 12 tons each, were assembled complete at 
the contractor’s yards and delivered on trucks 
to the site, where they were unloaded by the der- 
ricks and accurately seated in the required posi- 
tion in pits excavated to a maximum depth of 
6 ft. below the original cellar floor and from 14 
to 20 ft. below the Broadway curb. Here they 
were provided with temporary decks on which 
permanent short vertical sections of steel air 
shafts were placed. Rich concrete was placed 


-around them to form slabs about 12 in. thick, 


with sufficient strength to support a considerable 
weight of wet concrete on the caisson walls. Ten- 
foot sections of collapsible steel air shafts were 
successively added, and concrete was filled in the 
forms in 5-ft. courses until the pier was built up 
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to about one-half of its total height. The forms 
were of the patented type recently developed by 
the contractors, and were made of vertical panels 
of 2-in. plank fastened to horizontal exterior an- 
gles having open holes and connection plates 
which provided for their adjustment to various 
sizes of piers. As fast as the successive courses 
of concrete hardened, the forms were loosened 
and moved up on them to receive the next 
course. 

The construction of the forms was very sys- 
tematically and accurately done by the contrac- 
tors’ designers, who made one complete set of 
detail drawings of all the separate pieces required. 
Another set of drawings showed the pieces com- 
bined to make the different panels or units for 
the forms, and a third set gave diagrams of com- 
pletely assembled forms for each pier. These 
were collected in albums and issued to the su- 
perintendent, who was thus able to direct the as- 
sembling of all forms as required and to effect 


considerable economy in the modification of the 
units in building the forms for one pier after the 
completion of another. Enough panels were pro- 
vided for about one-third of the forms required 
on the job and were therefore used three times 
in all. -They were made in with extreme dimen- 
sions of not more than 20 ft., and their connec- 
tions were so simple that the assembling was 
ereatly facilitated and could be accomplished in 
about six hours for each section of the form. 
The average time required to deposit the first 
layer of concrete in the form was one hour, after 
which about three hours was necessary for filling 
each 5-ft. course. The forms were stripped after 
the concrete was about 48 hours old. About 100 
cu. yd. of concrete materials, delivered through 
chutes in the wagon platform, were stored in 
bins underneath it, whence they were delivered 
by wheelbarrows to a Ransome mixer discharg- 
ing into one-yard steel buckets handled directly 
by the derrick booms to the piers. All concrete 
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was made 1:3:5 or 1:2:4 with Atlas Portland 
cement. : 

After the piers were built to about one-half 
of their estimated height, air locks were placed 
on the shafts and they were put under pressure. 
The cutting edge was sunk about 2 ft. below the 
surface of the hardpan, beyond which the ex- 
cavation was continued without any further sink- 
ing of the caisson until] the solid rock was reached 
and its surface could be cleaned for concreting. 
‘The maximum pressure was about 30 Ib. per 
square inch, and air pressure was on as many 
as six caissons simultaneously. After the cais- 
sons were sunk to about half of their final depth, 
excavation was discontinued while the forms 
were built up from the level of the ground and 
the remainder of the concrete was deposited. in 
them. As the tops of the piers were to be 
sunk below the temporary surface of the ground, 
they were enclosed in wooden cofferdams project- 
ing 3 or 4 ft. beyond them and serving merely 
to exclude the earth from the column piers until 
the open excavation is completed. 

As the adjacent north wall of the old Singer 
building has I-beam grillage footings on the sur- 
face of the sand, about 20 ft. below the Broad- 
way curb, it was necessary to shore it to avoid 
the possibility of settlement when the caissons 
were sunk close to its outer face. The wall has 
an estimated weight of about 30 tons per linear 
foot, making it necessary to space the needle 
beams on which it is.carried very close together. 
The’ five caissons adjacent to it have only a few 
inches clearance from it and are from 5% to 7 
ft. in width, thus interfering with the location of 
the needlebeams and necessitating special pro- 
visions to secure clearance for the latter. The wall 
was first supported on needlebeams with exterior 
footings which cleared alternate caissons and 
allowed the intermediate ones to be sunk between 
them. Afterwards the needlebeams were shifted 
and their outer ends supported on the caissons 
just sunk, thus providing continuously for the 
safety of the building. The needlebeams are 
double tiers of 24-in. I-beams set on groups of 
40 and 60-ton jack screws with carefully de- 
signed cribwork of solid courses of I2x12-in. tim- 
ber distributing the loads over a large area and 
reducing the unit pressures to satisfactory 
amounts. ; 

The principal plarft installed includes the four- 
boom traveler, two stiff leg derricks, two Ran- 
some concrete mixers, an Ingersoll-Rand and a 
McKiernan air compressor, six Moran air locks, 
six Lidgerwood double drum hoisting engines, 
‘four Rawson & Morrison boom swinging engines 
and one 14-in. air cooler 14 ft. long, built by 
the contractors. The average force employed 
consists of about 150 men in each of two shifts. 
Mr. Ernest Flagg is the architect of the building 
and supervises the different subcontracts without 
employing any general contractor. The work 
above described was executed by the Foundation 
Co., Mr. Alexander Allaire, superintendent. 


Tue Pension System of the Atchison, Topeka 
& Santa Fe Ry., which went into effect Jan. 1, 
is based, according to President E. P. Ripley, on 
the award for each year of service of an allow- 
ance of 114 per cent. of the first $50 of the high- 
est average monthly pay of the officer or em- 
ployee during, any consecutive ten years of ser- 
vice, and, in addition, 34 of 1 per cent. of any 
excess of such highest average monthly pay over 
$50; provided, however, that in no case shall the 
allowance made be less than $20 nor more than 
$75 per month. In exceptional cases of long and 
unbroken service with first-class record, the 
Board of Pensions may, with the approval of the 
President, increase by not exceeding 25 per cent. 
the amount of any pension allowance hereinbefore 
authorized, 
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The Erection of the Las Vacas Viaduct, 
Guatemala Railway. 


The leading features of the design of the Las 
Vacas viaduct on the Guatemala Ry. were de- 
scribed in this journal on Jan. 26, and the gen- 
eral scheme for its erection on Dec. 8, 1900. 
The steel work has been fabricated and shipped 
to Guatemala and the erection of the second 
tower was completed in November, according to 
detail plans somewhat modified from those ex- 
plained on Dec. 8, the principal changes being 
in the type of traveler, methods of handling the 
first spans and in the changes required by the 
use of European shapes. 

The traveler first proposed was a trussed steel 
structure 120 ft. long over all, including a 55-ft. 
overhang, and, 37 ft. high. Both the overhang 
and the rear portion were trussed separately, 
and the traveler was arranged with inside trolley 
hoists extending from end to end, thus enabling 
materials. to be delivered under the rear of the 
traveler and unloaded by the hoists, which car- 
ried them forward and erected them. The rear 
portion of the modified traveler is slightly 


changed from that of the preliminary design, 
being shorter and having the trussed overhang 
replaced by steel booms, which unload the ma- 
terials from service cars underneath the traveler 
The two short spans 


and erect them in advance. 
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are unloaded by the short boom and the members 
delivered to the long booms which erect them. 

The traveler will at first be located on the 
ground just beyond the abutment at the Guate- 
mala City end of the viaduct. In this position 
it will erect bent 1 of the first tower and then, 
supported on it, will erect the abutment span 1, 
31% ft. long, the trusses for which may be as- 
sembled completely before being lifted into place. 
The traveler will move forward until its front 
wheels are supported on span 1, and in this 
position will erect bent 2 and assemble the trans- 
verse and longitudinal bracing making the tower 
stable. 

Span 2, 30 ft. long, will be erected on top of 
the tower and temporarily connected to span 1 
by welded loop links engaging temporary erec- 
tion pins 5%.in. in diameter through the ends 
of the top chords. The space between the corre- 
sponding bottom chords will be filled by steel 
blocks, thus providing for the transmission of a 
temporary erection tension of 372,000 lb. in the 
maximum case through the top chord and the 
same compression through the bottom chords 
from span to span. To provide for a maximum 
vertical shear of 26,000 Ib. in each truss at this 
point, temporary vertical posts are made by care- 
fully fitting horizontal wooden bearing pieces 


“to the flanges of the top and bottom chords be- 


tween the horizontal angles of the end sway 
brace frames. These: bearing pieces receive the 


at the Guatemala City end of the viaduct are 
erected by the traveler standing on the ground 
beyond the abutment. The third span is erected 
partly on falsework and partly by the cantilever 
method, and special erection members are pro- 
vided for connecting and lowering the succes- 
sive spans so that they may be assembled by the 
cantilever method. 


The viaduct, 743 ft. long and 229 ft. in maxi- 


- mum height, has\in the center three towers 40 


ft. wide and at the ends four towers 30 ft. wide, 
connected by riveted trusses,» all of them 75, ft. 
long except one span of 55 ft. at the east end. 
Between the last towers and the abutments there 
are single 31}4-ft. spans. The viaduct is sub- 


_ Stantially symmetrical about the center line, ex- 


cept that the elevations of the feet of the corre- 
sponding columns and the tower heights -vary 
slightly and the first intermediate span at the 
east end is 55 ft. long while that at the west end 
is 75 ft. long. 

The erection traveler has a 45-ft. wheel base 
and two 33-ft. masts, each provided with a 6o-ft. 


_ steel boom besides a 20-ft. wooden boom located 


midway between them on the center line of the 
traveler. The hoisting engine is carried on the 
top chords of the traveler trusses, and there is 
clearance below it for material cars to run 
through it to the feet of the masts where they 
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Cantilever Erection Assisted by . 
Falsework Tower. , 


ends of a 4 x 12-in. timber, bolted as indicated in 
the detail. 


Spans I and 2 are thoroughly bolted. to the 
top of bents I and 2, and the traveler is advanced 
and erects a wooden falsework tower under the 
second panel point of the first 75-ft. span. The 
first three panels of the west end of the 75-ft. 
span are erected from bent 2 to point D by the 
cantilever method, and the shore ends of the 
trusses are connected to the adjacent ends of 
the tower trusses by top chord links and _ bot- 
tom chord fillers similar to those described at 
bent 1. Temporary erection plates are also bolted 
across the flanges of the vertical posts over bent 
2, and are secured by 64 34-in. holes drilled in 
the field in order to match the gauge lines, which 
in this case only are beveled. In the corre- 
sponding connections for succeeding spans, the 
gauge lines are parallel. ” 


The lower chords of spans 2 and 3 are se- 
curely bolted to the top of bent 2, and the 
traveler is moved forward to continue the erec- 
tion beyond the falsework bent. As soon as the 
traveler clears span 1, the latter is loaded with 
a counterweight consisting of 13,000 lb. of rails 
or bridge members loaded on each top chord 
so as to clear the service track on which the 
viaduct members are delivered. After the erec- 
tion of span 3 is completed, the traveler advances 
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> / 
_-on it to the position shown on the diagram and 


 .erects tower 3-4. 

A temporary horizontal transverse beam is 
bolted to ‘the lower ends of the vertical posts 
in the end of span 3 in the plane of tower bent 
- 3, jacks are inserted between it and the tower 
girder and are operated to lift the end of the 
span and release the erection links, plates and 
‘blocks over bent 2. The jacks are then slacked 
off to lower the end of the span to final bearing 
-on the cross girder of bent 3, to which it is 
securely bolted, and the erection links, blocks and 
-counterweights are removed from span 1 and 
the falsework tower is taken down. Span 4 is 
erected ‘similarly to span 2, the erection links, 
plates and blocks are brought forward and put 
‘in service again over bents 3 and 4, and the 
‘traveler advances to a new position on tower 4 
and proceeds with the cantilever erection of span 
' 5, after which the same cycle of operations is 


Erection Connection Between Adjacent 
Top Chords. 
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ends of the bottom chord, where they ‘engage 
connection plates. The vertical posts at the for- 
ward ends of the trusses are made of pairs of 
g-in. channels, latticed, and extend 23 ft. above 
the top chord to serve as derrick masts. The 
upper end of each is guyed by a pair of 4 x 3 x 
5/16-in. angles spliced continuously to the web 
members of the trusses in the same lines. 

The trusses are connected by horizontal trans- 
verse beams resting on the top chords at panel 
points and by a pair of g-in. channels at the 
front end, which engage the vertical posts and 
the top chords. and project 5 ft. beyond the lat- 
ter to provide for transverse bracing. The trans- 
verse beam at the rear end consists of a single 
12-in. channel. The one adjacent to it, like that 
in the center of the truss, consists of a pair of 
12-in. channels 20 ft. long, with their 5-ft. over- 
hangs riveted to the upper ends of knee-braces 
carried down to the lower-chord. panel points 
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_ fepeated for the successive spans and towers to 
1e east abutment. , 
In all cases, special care is taken to anchor 
the rear of the traveler to the finished structure 
to provide it with a rear counterweight of at 
least 32,000 Ib., including the weight of the en- 
and boiler on the upper platform, an amount 
double the computed up-lift. : 
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Steel Traveler for Viaduct Erection. 


The traveler weighs about 35,000 lb. and has 
two riveted trusses 53 ft. 4 in. long over all, 10 
ft. deep and 10 ft. apart on centers. The top and 
bottom chords of the trusses are made with pairs 
of g-in. channels latticed, and the web members 
are made with pairs of angles from 2 x 2%4-in. 
to 5 x 3-in., with their flanges field-riveted to 
the webs of the chord channels, except at the 


to provide transverse stiffness to the structure. 

The intermediate beams are 1I2-in. I-beams, 
and. all panels between them are X-braced with 
single 3 x 2-in. lateral angles. A wooden floor 
is laid on the top flanges of the I-beams and 
provides a deck for the hoisting engine, boiler 
and for general operating service. Additional 
sway bracing is provided by two panels of X- 
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bracing between the masts at the forward end of 


the traveler, and a clear space about 9 ft. wide | 


and 11% ft. high above the tops of the rails is 
afforded for material cars passing through the 
traveler. 

At each end of the lower chord, the channel 
webs are bored for the 3%4-in. axle of a 24-in. 
double-flange wheel with cast iron journals 
bolted to the insides of the chord webs. The 
chords project 16 in. beyond the centers of the 
forward end posts and have two 1%-in. cover 
plates riveted to the top flanges and bored for 
3 7/16-in. pins, which pass through the cast 
iron foot blocks for the booms and have their 
upper ends engaged by the extension of hori- 
zontal diaphragms in the masts. 

At the top of the mast, the vertical cover plates 
on the opposite flanges are reinforced by short 
sections of 9Q-in. vertical I-beams riveted be- 
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sides. The boom is tapered from a width of 30 x 
30 in. at the center to 9 x 9 in. at each end. It 
is made in halves, spliced at the center by four 
outside cover plates 18 in. wide, field-riveted to 
the flange angles. At the point it is provided 
with bent plate connections for pins and links 
to engage the hoisting and topping lifts and has 
an inside 11-in. sheave for the lead line of the 
hoisting tackle. At the lower end it is bored 
for a horizontal 3-in. pin connecting it to the 
shoe at the foot of the mast as previously de- 
scribed. 

Each main boom is rigged with a five-part 
tackle of 6,500 lb. capacity and a lift of 230 ft. 
It has 1,300 ft. of new 1%4-in. manila rope rove 
through double sheave blocks and over the “fixed 
sheave in the end of the boom, thence led di- 
rectly to the hoisting engine. The topping lift 
is a four-part tackle with 340 ft. of 34-in. wire 
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be kept taut until the second is bolted; both 
must be released at the same time and the booms 
swung simultaneously inwards at the same speed. 

In order to facilitate the swinging of the long 
booms and to guy them against the heavy wind 
pressures to which they may be subjected, a 12 x 
12-in. timber 50 ft. long is bolted across the 
deck of the traveler directly behind the masts 
and guyed back to the platform, near the engine. 
Swinging lines are run from the middle of each 
long boom to the adjacent end of the transverse 
timber and, on the inside, to the foot of the 
opposite mast and thence to the platform of the 
traveler. With this arrangement one boom can 
be raised considerably above the other before 
the ropes will foul. This traveler was designed 
to be used for the erection of other traveler 
viaducts on the line after the completion of the 
Las Vacas viaduct. 


Two Views along the Improved Roadbed of the Pennsylvania Railroad. 


tween them to serve’ as a diaphragm, on each 
side of which there are holes for a U-bolt passing 
through the mast, the loop providing connection 
for the topping lift tackle. Horizontal jaws are 
riveted to the top and bottom flanges of the 
channels in the center of the strut at the for- 
ward end of the top chords to provide a con- 
nection for the 20-ft. wooden boom on the axis 
of the viaduct. The bottom part of the jaw is 
a flat plate and the top part is made with U- 
shaped bent plates engaging a cast-iron shoe 
through which and the jaw plates there is a 
vertical pin with the upper end flattened and 
bored for a 1%-in. bolt that engages jaw plates 
bolted to the end of the boom. 

Each steel boom has a rectangular cross-sec- 
tion made of four 3% x 2%4 x %4-in. angles hay- 
ing their flanges turned in and latticed on all 


rope rove through double sheave blocks at both 
ends and. led over single sheaves in the masts 
just above the top chords of the trusses to the 
hoisting engine. The wooden boom in the center 
of the traveler is made from an 8 x 8-in. timber 
and has a single 114-in. manila hoist line led 
over a sheave in the end of the boom and around 
another guide sheave attached to the horizontal 
strut and thence to the hoisting engine. It has 
a three-part manila topping lift, also operated 
by the engine. The erector is cautioned that it is 
of the utmost importance to keep the two’ main 
booms always balanced. Both of them must be 
maintained at the’ same horizontal angle and be 
simultaneously loaded with duplicate members. 


If the tower column section suspended from’ one ° 


of them is bolted up before that suspended from 
the other, the hoisting tackle attached to it must 


The viaduct was designed by Mr. V. G. Bogue, 
New York, Mr. W. H. Kennedy and Mr. A. W. 
Buel, associated engineers on railways and 
bridges, respectively; Mr. S. F. Shaw is chief 
engineer and Mr. J. H. Pope bridge engineer of 
the railway company. The erection was designed 
by Mr. Buel. The Baltimore Bridge Co. is the 
contractor for the fabrication of the steelwork, 
and Mr. W. T. Penny is the contractor for its 
erection. 


A SPRINKLER System of fire protection is an 
innovation in the equipment of the new steamer, 
City of Cleveland, of the Detroit & Cleveland 
Navigation Co. Sprinkler heads are distributed 
in the main saloon, wing passages and the fire 
holds, and a thermostat in every room gives an 
alarm in case of fire. — 
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The Pennsylvania’s Standard Roadbed. 


3 Most noticeable to the eye in the Pennsylvania 
R. R.’s new standard roadbed are the grass banks 
that slope down to the tracks, when the latter 
_ are in a cut. Besides the turfing, which serves 
| the double purpose of preventing erosion and 
presenting a good appearance, there are other 
features that make this standardizing of the road- 
bed an interesting project to railroad men. The 
first and all-important object of the improvement 
is perfect drainage. Every maintenance of way 
engineer knows that water is the roadbed’s great, 
est enemy. When the engineer has devised a 
means of carrying off water without letting it 
wash away or undermine the bed, he has nearly 
solved the problem. Water flowing down un- 
sodded slopes causes erosion, washing dirt and 
' stones into the ditches beside the tracks and 
choking drainage. 
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are laid 16 to every 33 ft. of main track. The 


. tracks are 13 ft. apart, center to center. 


In cities or towns where there is an industrial 
siding beside the four main tracks, the distance 
from the center line of the bed to the bottom 
point of the ditch is 48 ft., 4%4 in., the siding hav- 
ing a small bed of its own, separated from and 
lower than the main four-track bed. While the 
ballast of the main bed is of stone, the side-track 
bed may be gravel or cinders. The ditch is made 
t ft. wider on account of the extra track. If 
necessary, 6-in. cast-iron pipes are run parallel to 
the ties and through the ballast of the siding. 


In the summer of 1905 the late president, Mr. 
Cassatt, suggested the present improvement in 
order to reduce the expenses of maintenance of 
way and to make travel for Pennsylvania patrons 
safer and more agreeable. The task of making 
the plans was given to a committee of engineers, 
and their object from the first was to design a 
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stone ballast to every mile of four-track road. 


The cost of sodding with blue grass was even 
greater. The engineers calculated that 58 per 
cent. of the total cost was for cutting down and 
sodding the slopes. The return, naturally, is ex- 
pected to come in the saving of maintenance ex- 
penses. As it is, laborers have to be continually 
busy on the roadbed, clearing ditches of all kinds 
of obstructions and putting in new ballast where 
it is necessary. Aside from the cost of labor, 
which is considerable, work trains must use the 
main running tracks and inevitably get in the way 
of both passenger and freight trains and retard 
the movement of traffic. 


The standard ditch on the side is of ordinary 
soil, but the company has tried the experiment of 
sprinkling it with oil. This keeps dust down and 
weeds from growing. As far as freedom from 
obstructions is concerned, the grass banks have 
come fully up to expectations in that respect. 
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Ditch-building plays an important part in mak- 

. ing the ideal roadbed, for both the depth and the 
slope of a ditch are important factors. Keeping 
it clear for the flow of water is the function of 
_the sodded banks. For the four-track standard 

i ~ roadbed, in a cut without sidings, the Pennsyl- 
yania Railroad requires a ditch 10 ft. 6 in. wide 
from gauge of rail and 3 ft. below top of tie at 

_ lowest point, the ditch to slope regularly from 
the edge of the ballast border, which is 5 ft. out 

_ from rail and 19 in. below top of tie, to the low- 
est point of ditch. There may be a dry toe-wall 
rising from the back edge of the ditch almost 
perpendicularly, instead of the turf coming down 
all the way. The ballast roadbed itself is 53 ft. 
8% in. wide, 13 in. deep at the center line and 
bh nad i in. deep at the outside edge of the outside track 
Be from top of tie. The bottom surface of the bal- 
au - fast bed has a slope toward the side of 1% in. to 
sz. tt. The ties are 8% ft. long, 7 in. high and 
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roadbed with drainage facilities as near perfect 
as possible, 

Fifteen miles of new roadbed is the result of 
the committee’s report. Four sections of the 
main line have been built to conform to the engi- 
neer’s ideal. One of the two 5-mile stretches of 
standard roadbed is near Lancaster on the Phila- 
delphia Division and the other near Newport on 
the Middle Division. The two 2!%4-mile stretches 
are on the Pittsburgh Division, one near Cresson, 
on the western slope of the Alleghenies, and the 
other about 50 miles east of Pittsburgh at Hill- 
side. 

The improvement of the fifteen miles of road- 
bed was made at great cost. Eighty thousand 
cubic yards of new ballast were put in. This bal- 
last was not to make the track more steady, the 
supply already in place was sufficient for that, 
but for purposes of drainage. In the standard 
roadbed as it stands there are 11,632 cu. yd. of 
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NOTE: 
On curves the low rail of all tracks 
t6 be of the same elevation. 

Ballast to be 6 Ins. deep below bot- 
tom of tie at centre line, 

In soft places cinder ballast tobe used 
until road bed has settled. 

Berm ditches to be cut at top of 
slope on high side of cuts. 

16 ties to each 33 feet Of main track, 
14 for sidings and yards. 

All ditches for road having Inter-track 
distance of 12 ft. 2 in. to be construc- 
ted to allow for widening to Inter-track 
distance of {3 feet. 


1,632 cubic yards stone ballast per 


P.R. R. STANDARD 
FOUR TRACK ROADWAY 


WITH AND WITHOUT 
OUTSIDE INDUSTRIAL TRACKS 
MARCH, 1906. 


When it rains the water pours down over them 
without bringing anything with it and follows 
the ditch to the nearest outlet. The outlets are 
provided at frequent intervals, sometimes being 
natural streams and sometimes culverts running 
under the tracks and away. Though usefulness, 
of course, was the chief object in standardizing 
the roadbed, in this case utility and beauty have 
not been at odds. Many a passenger, probably, 
when he looks out at the grass slopes, thinks they 
have been put there solely to please the eye. 

The experiment with the first 15 miles of stan- 
dard roadbed had proved so successful that the 
Pennsylvania has already made plans to improve 
as much more of the main line in the same way. 
The work will go on steadily in the future, so 
that eventually the main line all the way from 
Philadelphia to Pittsburgh will be standardized. 

There are standards for single-track and 
double-track as well as for four-track lines. In 
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the case of two tracks in a cut, the distance from 
the bottom of the side ditch to the center line of 
the roadbed is 18 ft. 4% in., the stone ballast is 
13 in. deep at the center line and 17 in. deep on 
the side. The tracks are 13 ft. apart, center to 
center, and the ditch is 9 ft. 6 in. wide in case 
there is no dry toe-wall. There are 5,127 cu. yd. 
of stone ballast for every mile of double track. 
For a single track in a cut the ballast is 15 in. 
deep in the middle and 17 in. deep on the side. 
The width of the ditch varies according to the 
weight of traffic on the single track, being nar- 
rower for light traffic. Its maximum width is 
9 ft. 6 in., and its minimum width 7 ft. 6 in. The 
ballast may be stone or gravel. The allowance 
of stone ballast to the mile is 2,629 cu. yd. 

The Pennsylvania’s plans for standard road- 
bed provide for drainage pipes beneath the bal- 
last when necessary. They are 6 in. in diameter, 
of cast iron, and slope from the center line of 
the road, parallel with the ties, to the ditches on 
each side. The plans also provide that berm 
ditches be cut at the top of the slope on the high 
side of cuts, that for sidings and yards the num- 
ber of ties be 14 to 33 ft. of track, and that all 
ditches for a road with present inter-track dis- 
tance of 12 ft. 2 in. be constructed so as to allow 
widening the inter-track distance to 13 ft.. In 
soft ‘places cinder ballast must be used, instead of 
stone, until the roadbed has settled. On curves 
the low rails of all tracks must be of the same 
elevation. 


The Substitution of Electric Motors for 
Steam Locomotives. 


On the evening of Jan. 25 about a thousand en- 
gineers gathered at the United Enginering Build- 
ing in New York to attend the first meeting of 
the American Institute of Electrical Engineers in 
its new quarters. The paper of the evening was 
on the substitution of the electric motor for the 
steam locomotive, and was the work of Messrs. 
Lewis B. Stillwell and Henry St. Clair Putnam. 
It occupies 62 pages of the Institute’s publication 
andthe following abstract of it is necessarily ex- 
tremely sketchy. Its purpose was fourfold; 1, to 
record certain facts relative to heavy electric trac- 
tion which have been established by experience; 2, 
to present calculations of relative costs of steam 
and electric traction in railway service based upon 
these facts; 3, to point out the transcendent im- 
portance of standardizing electric railway trac- 
tion equipment as rapidly as may be consistent 
with progress; and 4, to raise the question 
whether a frequency of 25 or 15 cycles per second 
should be adopted in railway operation by alter- 
nating-current motors. 

Three-phase and single-phase alternating-cur- 
rent railway motors are now developed, the au- 
thors claim, to a point where they fairly challenge 
the steam locomotive, even in long-haul freight 
service, in which class of work the direct-current 
motor hitherto has found itself unable to compete 
with success. The direct-current motor has dem- 
onstrated impressively, and on a large scale, its 
superiority to the steam locomotive, not only in 
operating single cars and short trains on lines of 
moderate length, but also in frequent and. heavy 
passenger service in which the length of train is 
limited only by the length of station platform, 
while the motive power equipment far exceeds 
in power developed the limits hitherto established 
in steam passenger service. 

In the New York Subway, eight-car trains 
weighing 320 tons are in operation, equipped with 
motors developing during acceleration a tractive 
effort equivalent to a draw-bar pull of 55,000 lb. 
The heaviest passenger locomotive used on the 
Erie system weighs, exclusive of tender, 206,000 
Ib., of which 115,000 lb. is effective on drivers. 
Assuming the adhesion to be 20 per cent., such a 
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locomotive exerts a draw-bar pull of 23,000 Ib. 
The motors of the eight-car electric train of the 
New York Subway, therefore, exert a tractive 
effort equivalent to more than twice the draw-bar 
pull of this locomotive. 

The answer to the question: “Will it pay to 
electrify?” involves consideration of both relative 
earnings and relative cost of operation; there- 
fore, before discussing the comparative expenses 
involved, the authors referred briefly to eight 
important factors which co-operate in securing 
for electric traction an increase in earning power. 

1. Frequency of Service-——The motor-driven, 
interurban car in competition with steam railway 
service has convincingly demonstrated its ability, 
not only to attract business from competing steam 
lines, but also to create new business. In al- 
most every. case where such competition has been 
encountered by the steam railway, a large part 
of its local passenger traffic has been lost. In 
such cases, it is impossible to state in precise 
terms-how far frequency of service is responsible 
for the remarkable results observed, since to these 
results a number of other causes also contribute. 
But without attempting to differentiate between 
these various factors, it is sufficient to say that 
of the several causes contributing to the marked 
success of lines using electricity, the operation of 
trains or single cars on close headway is espe- 
cially attractive. 

The advantages resulting from frequency of 
service become relatively less as the length of 
run is increased. It is recagnized, however, that 
the operation of trains under close headway gen- 
erally increases traffic, even where the haul is of 
considerable length, as shown by the experience 
of the Philadelphia & Reading Railway in operat- 
ing its fast trains on one-hour headway between 
New York and Philadelphia. 

2. Speed—The possibilities of operating by 
electricity at speeds exceding the maximum ob- 
tained safely in steam operation, owing to the 
elimination of unbalanced reciprocating parts of 
the locomotive, is well-known. It was strikingly 
illustrated in the Berlin-Zossen trials by the at- 
tainment of a speed exceeding 130 miles an hour. 
Even at speeds at which steam locomotives may 
be operated without great danger of leaving the 
track, electric engines are far better able to main- 
tain speed while drawing heavy trains. At speeds 
of 80 or 90 miles an hour, for example, it is 
extremely difficult to operate with satisfactory 
results two steam locomotives at the head of 
the train; while multiple-unit control places any 
necessary number of locomotive units absolutely 
and instantly responsive to the will and touch of 
a single opérator. At high speeds, also, the econ- 
omy of the steam locomotive falls off rapidly 
while that of its competitor remains practically 
constant. 

The increase in average speed resulting from 
the relatively high acceleration obtainable in the 
use of multiple-unit electric equipment in service 
where stations are very close together, has been 
frequently discussed from+the theoretical. stand- 
point and is well understood. 

3. General Comfort of Passengers.—The great 
advantages of electric traction in respect to com- 
fort of passengers are well known.- Cleanliness 
and improved ventilation made possible by the 


. elimination of smoke and cinders; lighting prac- 
tically without heat and at low cost by a system 


which makes it easy to place lamps in any desired 
location, and heating apparatus effectively and 
conveniently controlled, are factors of very great 
importance in building up passenger business .un- 
der conditions of competition. In operating 
through tunnels, ventilated with difficulty, the 
electric motor, in eliminating smoke and the gases 


of combustion, possesses an advantages which is 


frequently controlling. 
4. Safety—So much has been said and printed 
in the daily press regarding the alleged dangers 
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of electric traction, that the authors mentioned’ 
several considerations which inevitably lead to« 
the conclusion that electric traction, if the equip- 
ment be properly designed and installed, is essen- 
tially and materially safer, so far as the traveling; 
public is concerned, than steam traction. The 
more important of these considerations are: 

(a) The fact that in case of a rear-end col- 
lision the energy which propels the electric train: 
can be shut off generally with great promptness. 
On the other hand, the steam locomotive carrying- 
in its fire-box from 1,500 to 2,000 lb. of coal heat- 
ed to incandescence, almost invariably sets fire 
to any combustible material with which it comes- 
in contact. Where the electric supply to trains- 
is obtained at low potential from a third rail, the 
risk of short circuit, which may result in fire if 
the cars be not fireproof, is greater than it is in 
the case of overhead construction, even when the 
voltage employed in the latter case is very high. 

(b) The elimimation of the boiler carrying 
steam at high pressure, also means the removal of 
an element of risk which in many railroad acci- 
dents has destroyed life. 

(c) The absence of smoke in tunnels, and 
consequent ability to see signals clearly at all? 
times, constitutes an advantage of the utmost im- 
portance for electric operation. 

(d) Cars drawn by steam locomotives must- 
be heated either by steam from the locomotives,- 
or by some form of stove carried on the indi- 
vidual cars. The substitution of the electric” 
heater affords opportunity not only for ideal con- 
trol of temperature of the cars, but almost abso- 
lutely eliminates risk of fire. 

(e) The elimination of the gas tank and the- 
oil lamp used for lighting in steam traction, and’ 
the substitution of electric lighting, also implies 
a material gain in safety. 

(f) The danger of derailment in the case of. 
the electric locomotive is far less than in case- 
of the steam locomotive, by reason of the elimina- 
tion of unbalanced reciprocating parts which tend* 
to lift the steam locomotive from the tracks. 

(g) The electrification of railways where high-- 
speed passenger traffic is involved, affords oppor- 
tunity for improved methods of protecting trains - 
by signal systems, automatic or other. 

(h) The ability to cut off power at will from: 
a given section and therefore from trains operat- 
ing upon that section under certain conditions, 
which arise not infrequently in railway service, - 
may be availed of to prevent accidents. In steam 
railway service, when an operator at a tower 


having allowed a train to pass learns too late — 


that another train is approaching in the opposite 
direction, he is powerless to avert the impending ~ 
collision. Where the motive power of these 
trains, however, is transmitted by electricity, the 
power supplied to the section might be cut off 
and probably in time to prevent the catastrophe. 

As against the considerations above referred to, 
all of which tend to make electric’ operation safer ~ 
than operation by steam locomotive, the addition 
to the permanent way equipment of an electric 
conductor conveying power to trains imposes in 
the former case a material risk not involved in 
the latter. If the power be supplied through a 
third rail, a guard should be used whenever ~ 
possible to prevent accidental .contact with the 
rail by employes or hy others walking upon or~ 
crossing the track. Several effective forms of 
guard are available, of which at least one has 
been in service upon a convincing scale for five 
years. 

5. Reliability of Train Service—Evidence in 
respect to the relative reliability of steam locomo- 
tives and electric motors carried upon cars and 
controlled by the multiple-unit system of train- 
control 
the transportation department of the Manhattan 
Division of the Interborough Rapid Transit sys- 
tem of New York. Upon the elevated lines steam: 


is derived from the official records of 
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locomotives were used from the inauguration of 

the first constituent line of the ultimate system 

in 1872 until 1902, during which year and a part 
of the following year electric equipment was 

; gradually substituted. The locomotives were 

| operated under exceptionally favorable conditione, 
were not overloaded, were of simple construction, 
and admirably maintained. The electric equip- 
ment that succeeded them is operating trains 
which ayerage 5.3 cars as against 3.8 cars in 
the days of steam operation. The average speed 
is materially higher. The tractive effort during 
acceleration of a six-car train is 30,000 lb. as 
against a maximum draw-bar pull of approxi- 
mately 7,000 Ib. exerted by the steam locomotive. 

Accurate record is kept of the duration of every 
delay in the operation of the trains. The results 
for the months November, 1900, to March, 1901, 
when steam was used, and the corresponding 
months of the years 1905-6 tinder conditions of 
electric operation illustrate in a striking manner 
the marked gain in reliability of service which 
has resulted from the adoption of electricity. For 
the five months of steam operation the aggregate 
car-mileage was 18,527,773 miles, and the aggre- 
gate delay 8,258 train minutes. The car-mileage 
per train-minute delay was 2,243. 

For the corresponding period of electric opera- 
tion, five years later, the car-mileage was 
25,482,081, the aggregate train-minutes’ delay 
5,970 and the car-mileage per train-minute delay 
was 4,208. 

It will be noted that the months involved in 
the above comparison ‘are those in which the 
difficulties of operation, owing to weather con- 
ditions and number of passengers transported, 
are at a maximum. Snow and sleet are among 
the greatest difficulties to be overcome in the 

_ operation of a third-rail system, when, as in the 
case of the Manhattan, the third rail cannot be 
effectively protected by reason of limitations in 
space available on the structure. 

6. Increased Capacity of Line.—Electric trac- 
tion as compared with steam traction enables us 
to develop much greater sustained tractive efforts 
*with given weight on drivers, by reason of more 
uniform rotative effort. Even where electric 
locomotives are used, it also eliminates dead 
weight by abolishing the tender and facilitating 
construction under which practically the entire 
weight of the locomotive is carried on the drivers. 
Where the locomotive is dispensed with, and the 
motors mounted directly on trucks of cars con- 
stituting the train, the best results are obtained, 
the proportion of weight upon wheels driven 
by motive power being greater than is otherwise 

_ practicable. This increase in weight available for 
adhesion, in conjunction with the characteristics 
of the electric motor, makes it possible to attain 
in electric service rates of acceleration altogether 
impracticable in steam service; consequently 
trains in passenger service where short headway 
is desirable can follow each other at shorter in- 

| tervals than is feasible where steam motive power 

! equipment is employed. 

In the operation of freight trains, if it should 
ever become practicable to distribute electric loco- 

_- —motives throughout the length of the train and 
operate them by multiple-unit control, trains 
of length far beyond present limits could be 

, operated. At present, the length of a freight 
train is limited by the strength of the draft-gear, 
; and steam locomotives cannot advantageously be 
va distributed at intervals throughout a very long 

_, \train, as no means is available for controlling 

___ their effort simultaneously and satisfactorily. 

hy Obviously, a system permitting distribution of 

the motive power at convenient intervals through- 

out the train, and simultaneously controlled by the 

hand of a single engineman, presents possibilities 
of increasing track capacity which under condi- 
tions now existing on many through lines should 
be of great value. 


oe 
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7. Frequency of Stops—The interurban elec- 
tric line competing with the steam railroad for 
traffic between two cities possesses great advan- 
tage in the collection and distribution of passen- 
gers, from the ability of its cars to stop at any 
street intersection or other convenient point, 
instead of receiving and discharging passengers 
at a single railway station in each town. These 
frequent stops, however, operate to reduce speed 
materially, and but for the ability of the electric 
equipment to accelerate rapidly the limitation 
would be very serious. As speed between ter- 
minals is increased, the tendency to reduce the 
number of stops made to take on or let off pas- 
sengers is noticeable in the development of many 
interurban lines. 

8. Convenient Establishment of Feeder Lines. 
—Frequency of stops for convenient collection 
and distribution of passengers, and high speed 
between terminals, being considerations which are 
essentially opposed, the advantages of a four- 
track system permitting operation of local or col- 
lecting train units on two tracks, and express 
trains on the other two tracks, are obvious. The 
great expense of such a system, however, can be 
borne only where traffic is very heavy. 

A natural development which during the last 
five years has been very rapid, is found in the 
use of comparatively short electric trolley lines 


COMPARATIVE PERCENTAGE Cost OF OPERATION BY STEAM 
DURING 1901-1905 AND BY ELECTRICITY. 


Item. ; Steam. Elect’y. 
Maintenance of Way and Structwres...... 21.003 22.354 
a. (Repairs. of roadway. icc. 0 oka wn wees vee 10.818 10.818 
PLMREHEWals One SATIS. os filaresk Bieseperescy=teyeis) a6 1.439 5.00 
3.. Renewals Of: 6s" Fic... asinine" et ccuagne 2.728 5.00 
4. Repairs and renewals of bridges and 

CUIMERL Serena al d.ciatels cetatemnen exaeiens ae 3) U2-A00. 5.00 
5. Repairs and renewals of fences, road- 

crossings, signs and cattle-guards .. 0.527. 0.527 
6. Repairs and renewals of buildings and 

PEMETRSE een. atetia deceit Men as 25366 1.300 
7. Repairs and renewals of docks and 

WHARVES 0d bajets cision eke aera Shee es 0;237 ~0.231 
8. Repairs and renewals of telegraph.... 0.169 0.169 
oO. stationery and printing .....5. 0.5... 0.030 0.030 
HOw Others expenses; lnitaqes acticin) stelle « 0.229 0.229 

Repairs and renewals of track bonding 0.800 
Repairs and renewals of overhead con- 

SER UDEDIONEL Ue ar aerensie perareiaitaiate aie irs 314 2)"s 3.250 
Maintenance of Equipment...........+.+. 19.524 12.287 
Ti.) DUPCriHemG ene varae eae sles = elon stasess os 0.578 578 
12. Repairs and renewals of locomotives... 7.509 2.253 
13. Repairs and renewals of passenger cars 2.080 2.080 
14. Repairs and renewals of freight cars 7.657 6.000 
15. Repairs and renewals of work cars.... 0.238 0.238 
16. Repairs and renewals of marine equip- 

PICEIC AN Grete! a is\invataiele cine elovelalsroisbereteeiel ci e-- 0.194 0.194 
17. Repairs and renewals of shop machin- 

GEV? SUNG EONS) Pata are, Steril kimi ael a aa 3 0.662 0.500 
18.) Stationery “andi printinon Ss: ia... = « 0.044 0.044 
Yon Other. expenses | ics chee sa kinureae le were 0.562 0.400 
Conducting Transportation’ ............4. 55-540 43.454 
20, Superintendence 125i ou eites os ees Hjpee wey S2 
21. Engine and round house men......... 9-451 4.710 
221) BUELL" FOF MOGOGKOPIVESI cs aloes cieleiciese .dys,s,¢ I1.292 5-553 
23. Water supply for locomotives......... 0.634 0.000 
24. Oil, tallow and waste for locomotives.. 0.381 0.250 
25. Other supplies for locomotives 0.228 
26h Praia Service ftawls ce-F ete seeks F 6.739 
27. Train supplies and expenses.......... 1.000 
28. Switchmen, flag-men and watchmen...°4.173 4.173 
2901 Eelegraph, ‘expenses! -y.tsieltu cfelajsie lle s-i0= 1.780 2.000 
Bon Seaton s SRWICE & Miele, ete lele) aex<tel s/ar= aeitva sis 6.697 6.697 
Sain SCARLOM “SUPPISES) 2c \ vive ele are wie weiss wits 0.669 0.669 
2. Switching charges, balance.........:. 0.284 0.284 
33. Car per diem and mileage, balance.... 1.423 1-423 
34. Hire of equpment, balance........... 0.194 0.194 
Pied Bic kiorh: 5740 Id 5 st oa oe ee Lia —oe750 
QG. “Tnyliries! ta) PerSonge Y ccc es ecacee reece e's 1.086 1.000 
Ree Cleatiae MN COKE O ahlerays chars ied de slayysactars 0.246 0.200 
38. Operating marine equipment.......... 0.748 0.748 
BQa POVEGESI, Encore saistar-reiets Cae « g picts ciel G.4A27) 0.427 
Or WitsIde Mae ROCTESN ein cina'elclseinicinjaicte cine 5 1.495 1.495 
Ge, COMEISSIONSIL « capers oe ee agi legac bee we ore 0.050 0.050 
2. Stock yards and elevators............ 0.064 0.064 
43. Rents of tracks, yards and terminals.. 1.615 1.615 
44. Rents of building and other property.. 0.404 0.404 
45. Stationery. and printing, f..)..cieca0. 0.634 , 0.634 
AGLOTNCE MEXPENSGS Vtisi ticcaybts. gis Pee hens 0.395 0.395 
General Expenses ......2.00-000 : 3-933 
47. Salaries of general officers 0.883 0.883 
48. Salaries of clerks and attendants..... 1.283. 1.283 
49. General office expenses and supplies... 0.244 0.244 
tye ANIMALS Bite BOG hb ie Dimeldtte bs wlels ae kéecwie'e « 0.439 0.439 
Crea WAER ONES. cals ub inlesiyas sais ance eu’ +549 0.549 
52. Stationery and printing (general ex- 

PRACT Bases Soci iin 0\0 bis dere @ 0.170 0.170 
SG ACHMCS MERPERSOS 0 ee cien caipe cialaece set « 0.365 0.365 

RStaavaiclh OCG Oak a oe Ore 100. 82.028 
Norr.—It is customary with some railroads using 


electric equipment to include under the general heading 
“Maintenance of Equipment,” the maintenance of the 
power plant and electric transmission systems. Both of 
these, however, are more conveniently treated by in- 
cluding them in the cost of electric power delivered to 
the overhead trolley system or third rail. , 


Standardization of Electric Traction Equipment. 
—Electricity, entering the field hitherto occupied 
exclusively by the steam locomotive, encounters 
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in connection with steam express service for long- 
distance runs. This method of utilizing the ad- 
vantages of local electric lines by the companies 
operating trunk line systems is eminently wise, 
and in general should be highly advantageous to 
the properties concerned while increasing mate- 
rially the facilities offered to the public. It may 
be pointed out, however, that were the trunk line 
systems to utilize electricity for through traffic, 
the extension and systematic improvement of 
local feeders would be facilitated for a number of 
reasons, notably: 

1. The fact that power developed in large 
amount for the operation of heavy through traffic, 
is produced at low cost per unit, and would be 
available at all points along the line for the 
operation of cars on local feeder lines. 

2. The convenient possibility of attaching cars 
or short trains arriving on local lines to through 
trains at points of junction. The multiple-unit 
system of car equipment lends itself admirably 
to this method of operation. 

The authors next give illustrations of pas- 
senger business developed by interurban electric 
lines, and an analysis of the effect on traffic of 
the electrification of the railways in the Boroughs 
of Manhattan and the- Bronx, New York City, 
subjects which will be entirely omitted in this 
abstract. 

Comparative Costs of Operation—As the stan- 
dard with which to compare estimates of cost 
of electric operation, the authors adopted the 
grand average results obtained in operation by 
steam locomotives in the United States, as set 
forth in the Statistics of Railways for 1904 com- 
piled by the Interstate Commerce Commission, 
and proof-sheets of the report of the Commission 
for the year 1905. The estimated costs of elec- 
tric operation being approximately determined as 
compared with the grand averages in steam rail- 
road practice in this country, the work of deter- 
mining, for any given case, the relative advan- 
tages and disadvantages of steam and electric 
operation will perhaps be facilitated. In estimat- 
ing operating expenses: of electric equipment, the 
authors have based conclusions upon results ob- 
tained in practice so far as they possess the neces- 
sary data. 

The cost of the power plant and distributing 
system are properly chargeable to capital account, 
The authors’ estimates are based on the assump- 
tion that single-phase alternating-current equip- 
ment is used; that the trolley potential is 11,000 
volts; that each power-house supplies railway 
line to a distance of 150 miles in each direction, 
the feeder potential employed being 60,000 volts; 
that the overhead construction is first-class in’ 
every respect, and steel bridges and field poles set 
in conerete being exclusively used for the sup- 
port of both trolley conductors and feeders. In 
assuming the use of the single-phase system the 
authors expressly state they are not condemning 
other systems. The three-phase system has not 
received from American engineers in general, that 
degree of consideration which its possibilities and 
demonstrated advantages justify. Its use, at 
least on mountain-grade divisions, can be sup- 
ported by very strong arguments, 

As regards equipment of the rolling stock, it 
is the general practice of railways to charge 
against operating expenses all new equipment 
purchased to replace that which has been worn 
out in service. In the adoption of electricity, it 
would seem that this method might be followed. 
In other words, worn-out locomotives, etc., on 
such a system might be replaced by electric equip- 
ment and the cost of the equipment charged 
against operation, just as the cost of new steam 
locomotives otherwise required would be charged 
against operation. For example, the Erie system, 
on June 30, 1906, had 1,333 locomotives in ser- 
vice. Taking no account of increases necessitated 
by growth of the company’s business, not lesy 
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than 60 new locomotives should be added to this 
equipment each year to take the place of those 
worn out in service. The cost of these new 
locomotives under steam operation would be 
charged against “repairs and renewals of locomo- 
tives,” and it would seem that their value ex- 
pended for electric equipment to replace them 
might be similarly charged. In addition to the 
purchase of new locomotives to replace those 
worn out in service, our railroads are compelled 
from year to year, by the growth of their business, 
to purchase additional locomotives and other 
rolling equipment. While these are usually 
charged against capital account in one form or 
another, any method of financing their cost which 
may be adopted is equally applicable to electric 
locomotives. 

In cases where the initial substitution of elec- 
tricity is on a large scale, as compared with the 
total rolling stock equipment of the railroad mak- 
ing the change, it is probable that a part if not 
all of the cost of electric rolling stock equipment 
will generally be charged to capital account. 

The authors then give in detail a comparison 
of the figures of the Interstate Commerce Com- 
mission for steam operation and their own esti- 
mates for electrical operation. The latter are 
based on a large amount of valuable data hitherto 
unpublished. The figures are summarized in the 
table on page 123. 

Standardization of Electric Traction Equipment. 
—Electricity, entering the field hitherto occupied 
exclusively by the steam locomotive, encounters 
conditions which greatly emphasize the necessity 
of prompt standardization of engineering prac- 
tice. The management of our railways, beginning 
by electrifying terminals, tunnels, and mountain 
grade divisions, will inevitably be led to extend 
these zones of electrification until they include 
divisions of very considerable length, and even 
trunk-line systems. To call attention to the trans- 
cendent importance of standardizing the location 
of such additions to permanent way equipment as 
the overhead trolley conductor and the third rail, 
is to demonstrate its necessity. 

Not many years ago manufacturing companies 
and consulting engineers were prone to put for- 
ward or specify apparatus without reference to 
its ability to operate effectively in ‘conjunction 
with other central station equipment, even when 
the latter was in operation in the vicinity of the 
new plant. What will happen from a failure to 
adopt standards of practice at an early stage in 
the development of an industrial art of this nature, 
is well illustrated by the problem now presented 
in London, where the engineering advisers of the 
London County Council are engaged in studying 
the problem of how to supply electricity in bulk 
to 62‘central station plants producing electricity 
in bewildering variety of frequency and potential. 

In the railway field, obviously, general principles 
are the same as in lighting; but wise foresight is 
more necessary and failure to exercise such fore- 
sight at this date less excusable. Moreover, the 
advocates of electric traction, unlike those who 
introduced the electric light into commercial 
service, are called upon to deal with a great body 
of trained engineers and experienced managers 
who are engaged in operating and extending sys- 
tems of transportation which challenge admiration 
and respect. Obviously, it is of the utmost im- 
portance that they who accept the responsibility 


involved in the substitution of electricity for steam: 


in the operation of certain parts of our great 
railways should avoid fads or fancies and should 
in every way ¢o-o, Wate“in the great work of 
evolving promptly standards of electric railway 
practice which shall withstand the test of time. 
The comparatively mall beginnings of to-day 
will in all probability’ extend with a rapidity which 
we cannot now realize, and the confusion and loss 
which will inevitably result in the near future, if 
a variety of electric equipment be grafted at 
different points upon the existing railroad systems 


- relative importance. 
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now operating by steam, may be imagined. The 
trouble and expense caused some years ago by 
the existence of several gauges of railway track 
in America were as nothing compared with what 
may result from a failure to establish promptly 
standards of practice in the field of electric rail- 
way traction. 

Where to-day are the “16,000 alternation” sys- 
tem of lighting, the “15,000 alternation” system 
of lighting, the “constant-current alternating-cur- 
rent arc light system,” the “4o-cycle system” and 
the “monocyclic system?” Where ten years from 
to-day will be the 1,200-volt, or the 1,500-volt, 
direct-current systems which have been suggested 
as substitutes for high-potential alternating-cur- 
rent systems in heavy electric traction? 

While emphasizing the great importance of the 
early establishment of standards in the field of 
heavy electric traction, it must be recognized 
clearly that further inventions are liable at any 
time to modify views based upon present knowl- 
edge. The work of standardizing, therefore, 
should proceed with caution; but surely if pres- 
ent knowledge, not only of existing apparatus but 
of the lines along which applicable improvements 
must take place, is not sufficient to justify con- 
servative application of the principle of standards, 
it is not sufficient to justify the investment of the 
very large sums which are now being expended 
for electric equipment. 

Fortunately, knowledge of the possibilities and 
limitations of electric apparatus to-day is a very 
different thing from what it was in the early days 
of electric lighting. At the present time we have 
available theory so complete that electric science 
is less exact only than the science of astronomy, 
and in applying this science in constructive work 
agreement between results carefully predeter- 
mined by calculation and those realized in prac- 
tice is far closer than in any other comparable 
branch of engineering. There can be no doubt 
that it is possible to-day, in passing upon such a 
question, for example, as that of best frequency 
for railway operation to make a choice which 
shall withstand the test of time. 

The necessity of proper standardization is ob- 
vious. Specifically, it would seem feasible and 
eminently wise to agree upon standards of prac- 
tice in respect to the following: a, location of 


‘third rail; b, location of overhead conductor used 
with single-phase alternating-current system; c, 


frequency of alternating-current traction systems. 
It is equally desirable, but probably less easy, to 
agree upon a standard system of multiple-unit 
control for train operation. 

Frequency.—While appreciating thoroughly and 
desiring to emphasize the importance of estab- 
lishing and maintaining standards, it is also of 
the greatest importance that standards should be 
wisely. chosen. The choice should be made, if 
possible, with full knowledge of the essential fac- 
tors involved, and correct perspective view of their 
It is with the feeling that 
so far as the frequency 25 cycles per second may 
be said to -have become established, considera- 
tions obvious at first glance, but not properly con- 
trolling, may have influenced the choice unduly 
that the authors presented for discussion the very 
important question whether 25 or 15 cycles per 
second should be established as.a standard in the 
equipment of railways by electricity. Final de- 
cision of such a question should be left neither 
to manufacturing companies, the management of 
which may be unduly influenced by commercial 
considerations, nor should it be left to the indi- 
vidual consulting engineer. 

Consideration of the facts now available leads 
the authors to conclude that notwithstanding the 
number and force of the arguments in favor of 
25 cycles, a frequency of 15 cycles is preferable 
and should be adopted for heavy electric traction. 
The fundamental and, as it would appear, con- 
trolling reason which leads to this conclusion is 
the fact that within given dimensions a materially 


_been able to secure up to the present time. 
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more powerful, efficient and.generally effective 
single-phase motor can be constructed for 15-cycle 
operation than is possible if 25 cycles be selected. 

Final decision of the question whether the ad- 
vantages of the 15-cycle motor as compared with 
the 25-cycle motor in respect to dimensions, 
weight, efficiency, power factor and commutation, 
are such as outweigh the many and important con- 
siderations which favor the higher frequency, re- 
quires more complete data than the authors have 
That 
the difference is material, however, is established 
not only by general theoretical considerations of 
the effect of a reduction in frequency upon the 
design and performance of single-phase commu- 
tating motors, but also by a number of facts stated 
at length in the paper. 

In order that the question raised may be looked 
at in proper perspective the following estimates 
based upon foregoing calculations will be useful: 

For the equipment of the entire railway system 
of the United States as now existing an aggregate 
power house output capable of supplying contin- 
uously 2,100,000 kw. would be required. Of the 
electric apparatus installed in the power houses, 
a change in frequency affects the generators, trans- 


_ formers, and a large proportion of the measuring 


and indicating instruments. It also affects the 
cost of the engine or turbine employed to drive 
the generator. At 25 cycles the apparatus affected 
by frequency should cost approximately $30 per 
kw. At 15 cycles it would cost on the average 
perhaps $33 per kw. Cost of sub-station trans- 
formers wouid be increased approximately one- 
third, and, in round numbers, the total cost of 
turb:nes and electrical power house and sub-sta- 
tion apparatus would be increased from $70,000,- 
000 to $80,000,000. 

If it be assumed that one electric locomotive 
will do the work of two steam locomotives, about 
24,000 electric locomotives would be required to 
take care of the present railway business of the 
country. Assuming the cost of the average elec- 
tric iocomotive to be $25,000 the aggregate cost 
of locomotives required bak ding be $600,000,000 
Allowing for the increased ost of the 15- ~cycle 
transformers, it would seem Hise: the difference ‘n 
cost of the average locomotive should be not less 
than $1,000 in favor of the lower frequency, or 
for 24,000 locomotives $24,000,000. This is more 
than twice the estimated difference in cost of 
power house and sub-station equipment. ., E 

It seems entirely safe,to say, therefore, that the 
aggregate first cost of electric equipment and of 
steam turbine will be decreased by a change from 
25 cycles to 15 cycles. The operating cost will 
obviously be decreased very materially. At least 
three- fourths of the above estimated cost of elec- 
tric’ locomotives, say ‘$450,000,000, represents cost 
of electric equipment. It will be seen, therefore, 
that of the apparatus which our electrical manu- 
facturing companies may be called upon to furnish, 
more than 85 per cent. is rolling stock. Obvi- 
ously, any argument in favor of 25-cycle equip- 
ment which may rest upon existence of drawings 
and patterns and convenience in manufacturing 
should have ‘comparatively little weight. 

The use of 15 cycles instead of 25 cycles also 
secures considerable advantage in respect to the’ 
overhead trolley conductor and track return. With 
a given limit of voltage drop, this advantage may 
be utilized by reducing size and cost of overhead 
copper and copper reinforcing the track return. 

Under the plans which the authors assumed 
as a basis of calculations, the amount of copper 
required for feeder circuits, trolleys, and rein- 
forced track return, estimated at 20 cents per 
pound would cost approximately $750,000,000, were 
the entire railway system of the country as exist- 
ing in 1905 to be equipped for electric operation. 
In all estimates the authors have included ooco 
copper conductor in the return circuit, this being 
bonded to rails at intervals to prevent dangerous 
potential on track in case of a broken bond. 
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The Krestovsky Twin Water Towers at 
Moscow. 


The ancient Russian capital, Moscow, has a 
population of about 1,000,000 and its water-works 
have a capacity of 20,000,000 gal., or 20 gal. per 
capita. The works are owned by the municipal- 
ity, which sells water to consumers at a uniform 
tate of about 20 cents per 1,000 gal., or $1.50 per 
1,000 cu, ft. There are two separate water-works 
systems, both containing many interesting feat- 
ures which are described in a valuable report, in 
two volumes and a large atlas, by Mr. N. P. 
Simin, formerly chief engineer of the Moscow 
Water Department. The following notes are 
based on these documents, which form one of the 
most comprehensive descriptions of a municipal 
water system that has ever been given to the 
public. 

The central part of the city receives ground- 
water from Mitishy, while the surrounding dis- 
tricts are supplied with filtered river-water, taken 
from the Moscow River at Roublevo. Both sources 
are situated about 10 miles from the city. Each 
of the two distribution systems receives its water 
from elevated reservoirs placed at the entrance 

of the supply-mains to the city. The 36-in. main 
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These towers were built in 1890-1892. The 
tank of each has a capacity of 500,000 gal., being 
60 ft. in diameter and 20 ft. deep. The top of 
each tank is 116 ft. above the surface of the 
ground, which insures a pressure in the pipe sys- 
tem nowhere less than about 30 lb. The total 
height of the towers is 129% ft. They are of a 
cylindrical shape &2 ft. in diameter, built of brick 
masonry laid in Portland cement. The founda- 
tions of the towers are 14 ft. deep and rest on 
sand. Each consists of a layer of concrete 2%4 
ft. thick, over which 11% ft. of brick masonry in 
circular and radial walls is placed. The treat- 
ment of the towers about the foundations is 
shown in the accompanying picture. The bottom 
plate of each tank is 5% in. thick, and the cylindri- 
cal walls are % and % in. thick. The weight of 
each tank is 80 tons; the weight of the water 
which it contains is 2,000 tons, and the total 
weight of each tower, with the reservoir filled 
with water, equals 14,000 tons. The two towers 
are identical in construction, and symmetrical; 
they are connected by an iron bridge at the height 
of the third story. There are six floors below 
the bottom of the tank. All apartments in the 
towers are utilized for different purposes of the 
water-works administration. Each tower has its 
central steam-water heating-system. The total 


The Krestovsky Twin Towers of the Moscow Water Works. 


for river water, with a second parallel 36-in. 
main now being laid, reaches the city on its 
southern side, and there discharges into a reser- 
voir placed at the highest point of the Sparrow 
Hills. 

The two ground-water mains, 30 and 24 in. in 
diameter respectively, enter the city on the north. 
There being no hills on that side of the city, the 
Krestovsky twin towers were built to support the 
tanks which serve as reservoirs. These are placed 
at the same level as the Sparrow Hills reservoir, 
so that the two water supplies may be connected 
if necessary. The Mitishy ground-water supply 
delivers into the twin towers about 10 million 
gallons per day. The ground water is drawn 
from sixteen driven wells, 20 in. in diameter, 
similar to those of Brooklyn, N. Y. Special Far- 
cot centrifugal pumps are used for this purpose; 
these pumps are placed 50 ft. deep in each of the 
20-in. well casings, and are driven by three-phase 
motors at the ground level, direct-connected with 
the vertical shaft of the pumps. The water from 
the tube wells is pumped first to the Alexeievsky 
distributing reservoir, having a capacity of 3,500,- 


000 gallons, and then to the elevated tanks in the 


Krestovsky twin-towers. 
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cost of construction of both towers, including the 
tanks and piping, was 600,000 roubles, or 420 
roubles per 1,000 cu. ft. of the building. 

When the towers were ready for use, two in- 
teresting facts were observed which are worthy of 
note as illustrating important matters which are 
insufficiently discussed and but imperfectly under- 
stood. 

First: Expansion cracks appeared in the walls 
of the towers as soon as the heating of the in- 
terior rooms began in winter. These cracks ap- 
peared in both towers quite symmetrically in 
places where the furnace of the central heating- 
system passes near the walls. An accurate exam- 
ination showed that there was no change in the 
positions of the foundations. Precise registra- 
tions of the periodical widening and contraction 
of the cracks were made by special instruments 
during two years (1893-1894). These observa- 
tions showed that the cracks opened to the maxi- 
mum of I in. in the coldest days of winter, when 
the difference between inside and outside tem- 
perature reached its maximum, In summer, when 
the heating system was not used, the cracks 
closed almost entirely. 

When the towers were designed, it was impos- 
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sible to calculate the thermic stresses, for the 
technical literature then available gave no data as 
to the modulus of elasticity of masonry. This in- 
formation was later found in American literature. 
Gen. Gillmore experimented with brick masonry 
laid in Portland cement, and obtained, in com- 
pression, a modulus of elasticity of 450,000 lb. per 
square inch. This is the only knowledge obtaine 
as to the modulus for brick masonry. Experi- 
ments made with single bricks, at the Testing 
Laboratory of the Railroad Engineering Institute 
at St. Petersburg, gave, for well-burned bricks 
used for the towers, a modulus of 900,000 Ib. per 
square inch, and, for softer bricks, 600,000 to 800,- 
ooo Ib. The compressive strength of well-burned 
bricks was found to be 4,400 Ib. per square inch, 
ranging down to 2,400 lb. for softer bricks. The 
tensile strength was 265 lb. per square inch for 
well-burned bricks and go lb. for soft bricks. Ac- 
cording to Mr. Belle, the strength of brick masonry 
is about 60 per cent. that of the bricks themselves. 
The coefficient of thermal expansion of masonry 
is about 0.00001 per 1° C. These data show that 
the cracks in the walls of the towers were in- 
evitable. 

The circular wall of each tower is about 225 
ft. in circumference, and from 3 to 6 ft. thick. 
The difference between the inside and outside 
temperature in winter is about 40° C.; it tends 


Section of One Water Tower. 


to make the outside of the wall shorter and the 
inside of the wall longer by 225 X 0.00001 & 40 X 
12 = about 1 in. This change of length would 
correspond to a stress of, say, 180 lb. per square 
inch, which exceeds the strength of brick masonry. 
The radial walls, in the towers, have the effect of 
increasing the thermic strains of the outside walls. 
The appearance of thermic cracks in the walls 
could have been avoided only by the use of ex- 
pansion joints. 

Second: The other matter deserving attention 
was an unusual accident to the pipe system in one 
of the towers. The pipe supplying the tank en- 
ters it at the top, while the discharge pipe is led 
off from the bottom. At a time when the reser- 
voir remained about half-filled for several hours, 
an eddy formed over the outlet pipe, into which 
air was thus drawn. The air accumulated behind 
a half-closed valve on the 24-in. main leading to 
the distribution system. When this valve was 
fully opened, the liberation of the air caused a 
severe water-hammer shock, which ejected from 
the pipe a stream of water with sufficient force 
to break through the roof of the tower, the air 
pocket acting in much the same way as do those 
in the Pohle and other air-lift pumps. 
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The Treatment of Concrete Surfaces. 


A paper read before the National Association of Ce- 
ment Users by Linn White, Engineer of the South Park 
Commissioners, Chicago, Ill. 


A pleasing and consistent surface finish gen- 
erally has but little to do with the strength ot 
a concrete structure, but it is not inconsistent 
with maximum strength in any structure. Next 
to form or design the character of the surface 
has most effect on the appearance of concrete, 
whether in a building, arch, wall or abutment, 
in fact, when the view is had at a very close 
range, or in such striictures as retaining walls or 
pavements the surface finish may take precedence 
over proportion. It is not intended to attempt a 
full discussion of the subject, but only to describe 
some methods used in trying to obtain satisfac- 
tory surfaces in the various classes of concrete 
work done in the South Park System of Chicago. 

The imperfections in the exposed surfaces of 
concrete are due mainly to a few well-known 
causes which may be summed up as follows: 
1, Imperfectly made forms; 2, badly mixed con- 
crete; 3, carelessly placed concrete; 4, efflores- 
cence and discoloration of the surface after the 
forms are removed. 

Forms with a perfectly smooth and even sur- 
face are difficult and expensive to secure. Made 
of wood as they usually are, it is not practicable 
to secure boards of exact thickness, joints cannot 
be made perfectly close, the omission of a nail 
here and there allows warping, and the result is 
an unsightly blemish where least wanted. 

Badly mixed concrete gives us irregularly col- 
ored, pitted and honeycombed surfaces, with here 
a patch of smooth mortar, and there a patch of 
broken stone exposed without sufficient mortar. 
Careless handling and placing will produce the 
same defects. 

But granting we have the best of labor, that 
all reasonable expense and care are had in making 
up forms, in mixing, handling and placing the 
concrete, that it is well spaded, grouted, or the 
forms plastered on the surface, the results are not 
satisfactory. All these efforts tend to produce a 
smoothly mortared surface, and the smoother 
the surface, the more glaring become minor de- 
fects. The finer lines of closely made joints in 
the forms become prominent, the grain of the 
wood itself is reproduced in the mortar surface, 
hair cracks are liable to. form, and, worst of all, 
efflorescence and discoloration are pretty sure to 
appear. We surely haye been working on. a 
wrong theory. 

It is of doubtful efficiency to line the forms 
with sheet metal or oil cloth. Imperfections still 
appear. 

Two methods suggest themselves as likely to 
overcome the defects alluded to above: (1), treat- 
ing the surface in some manner after the forms 
are removed to correct the defects, and, (2), 
using for surface finish a mixture which will ‘not 
take the imprint of, and which will minimize 
rather than exaggerate, every imperfection in the 
forms and which will not effloresce. 

Methods of treating the surface by bush ham- 
mering; tooling and scrubbing with wire brushes 
and water have been described in various pub- 
lished articles, all of which have for their ob- 
ject the removal of the outer skin of mortar-in 
which the various imperfections exist. But the 
method most used in the South Park work is 
the acid treatment. It consists of washing the 
surface with an acid preparation to remove the 
cement and expose the particles of sand and 
stone, then with an alkaline solution to remove 
all free acid, and finally giving it a thorough 
cleansing with water. The operation is simple 
and always effective. It can be done at any time 
after the forms are removed, immediately, or 
within a month or more. It requires no skilled 
labor, only judgment as to how far the acid or 


etching process should be carried. 
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It has been 
applied with equal success to troweled surfaces 
like pavements, to molded forms such as steps, 
balusters, coping, flower vases, etc., and to con- 
crete placed in forms in the usual way. It, of 
course, means that in the concrete facing only 
such material shall be used as will not be affected 
by acid, such as sand or crushed granite. It ex- 
cludes limestone. 


. The treated surface can be made any desirable 
color by selection of colored aggregates or by the 
addition of mineral pigments. The colors ob- 
tained by selection of colored stone are perhaps 
the more agreeable and doubtless more durable. 

There have been molded in the South Park 
shops blocks for buildings, columns, architectural 
moldings and ornaments with both red and black 
crushed ‘granite surfaces, also pavements laid in 
patterns with red and black granite, all treated 
with the acid to bring out the natural colors of 
the stone. There has been a large quantity of 
concrete pavement laid with torpedo sand sur- 
face, colored a buff sandstone color with a small 
quantity of yellow ochre and mineral red and 
treated with the acid. The buff color imparted 
to the surface is a welcome relief from the glare 
of the ordinary whitish grey concrete pavement 
in the sunshine, and the etching of the surface 
adds to the softness of the color, at the same 
time preventing any slipperiness. This same buff 
color has been used to a large extent in steps, 
bases. of lamp posts, and other molded articles 
to be placed on or near the ground. With white 
sand as the aggregate, thousands of pieces have 
been moulded for coping, balustrades, concrete 
seats, drinking fountains, pedestals, etc., which, 
when treated with the acid, appear like a fine- 
grained, almost white sandstone. 


Where there are projections or marks left by 
the molds or forms they are tooled or rubbed 
down before treatment, and where it is necessary 
to plaster up rough places or cavities in the sur- 
face it may be done and after treatment cannot 
be detected. 


These various classes of work have been done 
ona large scale during the last three years in 
connection with the improvement of new parks 
and have in all cases proved satisfactory. 


The second method of preventing or minimizing 
surface defects has also been tried in the South 
Park work, with quite a measure of success. 

During the years 1904, 1905 and 1906, groups 
of concrete buildings have been erected in nine 
different parks costing with their accessories from 
$65,000 to $150,000 for each group. These build- 
ings are all monolithic structures with occasional 
expansion joints, the exposed surfaces of walls 
being of a concrete composed of one part of 
cement, three parts of fine limestone screenings 
and three parts of crushed limestone, known as 
the %4-in. size. This was thoroughly mixed quite 
dry so no>mortar would flush to the surface, and 
well rammed in wooden forms made in the usual 
manner. The result was an evenly grained, finely 
honeycombed surface, of a pleasing soft grey 
color, which grows darker with time and blends 
admirably with the park landscape. In placing, 
it was not spaded next the form; it was too dry 
to cause any’flushing of mortar, so there is no 
smooth mortar surface, the imprint of joints be- 
tween the boards is hardly noticed, and the grain 
of the wood not seen at all. There is no efflor- 
escence apparent on the surface anywhere and 
cannot be on account of the dryness of the mix 
and the porosity of the surface. The buildings 
are used as gymnasitms, assembly halls, reading 


and refreshment rooms, and as a rule the same 


grey concrete finish is given the interior walls 
as the exterior. In some cases a little color has 
been applied on the interior walls, and the walls 
of shower and bath rooms have been water- 
proofed with. plaster. The porosity of the sur- 
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face makes it well adapted to receive and hold 
plaster. ; 

This sort of surface is not capable of treat- 
ment with acid like a smoothly mortared surface, 
nor is this treatment desirable. Consequently the 
only color obtainable is the natural color of the 
cement-covered stone, which is softer and far 
more agreeable than the grey of the usual mortar 
finished surface. It is not suited for the surface 
of a pavement and is not impervious to water. 
Although it is evident the water enters the pores 
to a considerable extent, there is no evidence of 
injury from frost during the two winters some 
of these walls have stood. 

The same finish has been used for retaining 
walls, arch bridges, fence posts, walls enclosing 
service yards, etc. In the buildings the thin walls 
were made entirely of this mixture while in the 
heavier structures it has been used only as a fac- 
ing. Two reinforced arches of 60 ft. span were 


' faced with this mixture, but the steel was im- 


, 


bedded in a wetter, more impervious concrete. 
This same dry mixture can be used for molded 
stones when the mold is open enough to permit 
tamping, and of course it is eminently suited 
to block machines. 

The dry, rich mix with finely crushed stone has 
been found specially suited’ to another condition 
where a sound, smooth surface was particularly 
difficult to secure, viz., for the under-water por- 
tion of a sea wall on Lake Michigan. It was 
mixed very dry and dumped in mass in sunken 
boxes joined end to end, made fairly water-tight, 
but from which the water was not excluded. 
With the finely crushed stone, a sound, smooth 
surface was obtained (when the sides of the 
boxes were removed) where it was manifestly 
impossible to plaster or grout the surface, and 
where spading a mix of coarser stone simply 
washed the cement away from the surface* stones. 
On account of the variable water level, it was 
particularly desired to have a sound, smooth sur- 
face. 

Of the work described, most of the monolithic 
buildings, the arch bridges and some of the walls 
and paving have been done by contract. All of 
the molded work, the buildings made of blocks, 
service yard walls, etc., and all the acid treat- 
ment, have been done by the park forces. Nearly 


all the various brands of Portland cement sold 


in the Chicago market have been used in varying 
quantities with equally good results. 

In both methods described, honest work and 
careful inspection are as necessary for good re- 
sults as in any other first-class construction. 
Neither method cheapens concrete work. The 
acid treatment slightly increases it. The sur- 
facing with fine crushed stone adds nothing to 
the cost. By the acid treatment, together with 
rubbing and chipping, all irregularities can be 
corrected. With the fine crushed stone surface, 
all irregularities and form marks are not pre- 
vented, but they are greatly minimized. 

In not all the work done by the second method 
were the results entirely satisfactory. 
inal specifications called for 14-in. stone, which 
was afterwards changed to 1%4 in. Experience 
taught the correct quantity of water to use for 
best results. But altogether both methods are 
so satisfactory that their use will doubtless be 
continued in the South Park work until some- 
thing better is developed. 


STEEL Cross-Ties anv Rai GrrpERS are being 
given a trial by the Pennsylvania R. R. Three 
thousand steel ties have been put in place between 
Pittsburg and Altoona, Pa. In section these ties 
are I-shaped, 4 in. wide on top, 8 in. at the base 
and 5 in. high. The rails are fastened to them 
with steel clips. Near Pomeroy, Pa., for a dis- 


ance of one mile the rails are laid on longitudinal — 


steel girders set deeply in rock ballast and tied 
together transversely. 


The orig- 
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An Automatic Regulator of the Flow in 


Pipes. 


At every hydraulic mine, a reservoir is inter- 
posed, if practicable, between the ditch and the 
pipe-line to the giants, for the storage and proper 
utilization of the water. When this reservoir is 
full, the gate-tender opens the main gate of the 
reservoir just enough to supply the giants and 
give a little overflow at the penstock, to prevent 
the entry of air. If the supply to the reservoir 


‘is smaller than the discharge thus permitted, the 


consequent lowering of the water-level in the 
reservoir reduces the hydrostatic pressure at the 
discharge-opening, and therefore the rate of dis- 
charge. To counteract this effect, the gate-tender 
raises the gate so as to compensate by greater 
area the diminished pressure; and this process is 
continued until the reservoir is almost empty. 


If he raises the gate either a little too high or a 


% 
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little too late, the result is in one case an wun- 
necessary loss of precious water through exces- 
sive overflow, or, in the other case, the entrance 
of air into the pipe-line, with consequent in- 
jurious vibrations. 

This irregularity of supply has been overcome 
by a device described by Mr. P. Bouery, from 
whose paper, published by the American Institute 
of Mining Engineers, these notes have been taken. 
In the reservoir dam a second gate was cut at 
the elevation of the main gate, as shown in the 
accompanying illustration. On top of the dam 
was placed a large wheel with grooves for two 
cables wound in opposition, supporting a float and 
counterweight, respectively. A small gate-wheel 
of calculated diameter was attached to the shaft 
of the large grooved wheel. About it was wound 
a cable, in a direction opposite to the float cable, 
attached at its lower end to the secondary gate 
which controls a flume emptying into the main 
flume. At the bottom of this gate was attached 
another cable which passed around a small pulley 
and up to a windlass. The gate-wheel was made 
tight or loose on the shaft by a pin passing 
through the hub and shaft. 

When the reservoir is full the main gate is 
raised and the small gate-wheel pinned to its 
shaft. If the water escapes faster than the sup- 
ply runs in, the water surface will be lowered 
and the float depressed. The turning of the large 
wheel will operate the small gate-wheel, causing 
it to pull on the cable attached to the secondary 
gate. This gate will thus be gradually raised 
proportionally to the descent of the floater until 
the reservoir is empty. 

It is easy to calculate the pressure on the small 
gate to be overcome, and the force required to 
overcome it in raising that gate; the ratio of 
diameters between the main wheel and the auxil- 
iary gate-wheel, required to secure the necessary 
leverage; and the size and weight of floater re- 
quired to overcome all frictions and raise the 
small gate. In this operation, however, the strain 
is greatest at the beginning, and diminishes to a 
minimum at the end. This variation is counter- 
acted, and the water-line is kept at about the same 
place during the raising of the gate, by means of 
a heavy chain, hung above the floater, and long 
enough to reach it when the water is very low. 
As the floater descends, the amount of chain car- 
ried by it decreases, to the extent required for a 
uniform action. 


A Steam Moror Truck belonging to the 


~ borough of Burnley, England, is stated in the re- 
port of the borough engineer to cost at least £1 
i working week for repairs, and to be laid up 


\ 


10 per cent. of the time for repairs and 7 per cent. 
for cleaning. During three years it has made 
23,157 ton-miles at an average cost of 8.5d, in- 
iding interest and sinking fund charges. 
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Selecting the Proportions for Concrete. 


A paper read before the National Association of Cement 
Users by William B. Fuller. 


The growing use of concrete for structures in 
which great care must be taken to have only the 
best material and workmanship, has stimulated in- 
vestigations into the effect of varying the relative 
proportions of sand and stone in the mix, the pro- 
portion of cement to the total remaining the same, 
and the result has demonstrated very conclusively 
that the proper grading and relative proportion of 
the ingredients has a great influence on the quality 
of the concrete produced. To demonstrate this 
great effect, the writer at one time made up a set 
of beams 6 inches square and 6 feet leng, varying 
these relations very widely from almost all stone 
to almost all sand, and broke the beams after 30 
days with the following results: 
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By inspecting the above table it is seen that al- 
though the amount of cement in each of the above 
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beams was the same (namely, 1-9 of the total ma- 
terial), some of the beams were over 700 per cent. 
stronger than others. 

In investigating this subject over a term of 
years, it has been found that there is one com- 
bination of any given sand and stone which 
with a given percentage of cement makes the 
strongest concrete, and this is the proportion 
which also gives the densest concrete, that is, 
the concrete which contains the least percentage 
of voids, or otherwise, that which weighs most 
per cubic foot. 

It is found also that this dense concrete is 
least permeable to water and consequently is the 
most durable, and it is also found that as a prac- 
tical advantage such concrete is most easy to 
place, working “slick” and filling up all voids 
and bad corners. 

The above stated law that the densest concrete 
is also the strongest gives a very easy way of 
proportioning the materials at hand so as to 
obtain the best and strongest concrete possible 
with these given materials. That is, to obtain 
these proportions by trial, as follows: 

Procure a piece of steel pipe 8 to 12 inches in 
diameter and about a foot long and close off one 
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end, also obtain an’ accurate weighing scale. 
Weigh out any proportions selected at random, 
of cement, sand and stone, and of such quantity 
as will fill the pipe about three-quarters full, and 
mix thoroughly with water on an impervious plat- 
form, such as a sheet of iron; then, standing the 
pipe on end, put all the concrete in the pipe, 
tamping it thoroughly, and when all is in meas- 
ure and record the depth of the concrete in the 
pipe. Now throw this concrete away, clean the 
pipe and tools and make up another batch with 
the total weight of cement, sand and stone the 
same as before, but the proportions of the sand 
to the stone slightly different. Mix and place as 
before and measure and record the depth in the 
pipe, and if the depth in the pipe is less and the 
concrete still looks nice and works well, this is a 
better mixture than the first. Continue trying in 
this way until the proportion has been found 
which will give the least depth in the pipe. This 
simply shows that the same amount of material 
is being compacted into a smaller space and that 
consequently the concrete is more dense. Of 
course, exactly similar materials must be used as 
are to be used on the work, and after having in 
this way decided on the proportions to be used 
on the work it is desirable to make such trials 
several times while the work is in progress, to be 
sure there is no great change in materials, or, if 
there is any change, to determine the correspond- 
ing change in the proportions. 

The above described method of obtaining pro- 
portions does not take very much time, is not 
difficult, and a little trouble taken in this way will 
often be productive of very important results over 
the guess method of deciding proportions so uni- 
versally prevalent. I have repeatedly known con- 
crete to be increased in strength fully 100 per 
cent. by simply changing the proportions of sand 
to stone as indicated by the above method and not 
changing the amount of cement used in the least. 

A person interested in this method of propor- 
tioning will find on trial that other sands and 
stones available in the viciniiy will give other 
depths in the pipe, and it is probable that by 
looking around and obtaining the best available 
materials the strength of the concrete obtainable 
will be very materially increased. 

As a guide to obtaining the best concrete, the 
proportion of cement remaining the same, the 
following are the results of extensive tests: 

The stone should all be of one size or should 
be evenly graded from fine to coarse, as an exces- 
sive amount of the fine or middle sizes is very 
harmful to strength. 

All of the fine material smaller in diameter 
than one-tenth of the diameter of the largest 
stone should be screened out from the stone. 

The diameter of the largest grains of sand 
should not exceed one-tenth of the diameter of 
the largest stone. 

The coarser the stone used the coarser the sand 
must be, and the stronger, more dense and water- 
tight the properly proportioned work becomes. 

When small stones only are used the sand must 
be fine and a larger proportion of cement must 
be used to obtain equal strength. 


ANOTHER SuBway in New York was probably 
assured by the action of the Board of Estimate 
and Apportionment on Jan. 26, in voting to build 
a four-track route in Manhattan between the 
Brooklyn and Williamsburg bridges and a sep- 
arate four-track subway and elevated route in 
Brooklyn. It was proposed at one time to con- 
tinue the road in Manhattan southwest through 
one of the narrow streets which are lined in 
places by skyscrapers, but the Board did not 
approve this. This road will differ from others 
constructed or proposed, in that it is to be built 
and owned by the city, which will lease trackage 
rights in it. 
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An Eight-Story Reinforced Concrete. Print- 
ing Building. - 


; ac : i: Lror Veritilertor- 
An eight-story and basement building with re- 


inforced-concrete floors and columns has recently 
been completed for the Ketterlinus Lithographic 
Manufacturing Co. in Philadelphia, Pa. This 
building is 63 x 80 ft. in plan, and adjoins an 
eight-story brick and steel-frame structure, the 
first six stories of which were built twelve years 
ago by this company, the upper two stories being 
added in 1902. The original six-story building 
was one of the first structures in which steel was 
used extensively to be erected in Philadelphia 
and has self-supporting outside brick walls car- 
ried up from the ground and terra-cotta fire- 
proofing. The additional two stories also have 
steel frames, but are fireproofed with concrete. 
The side wall next to the new building is utilized 
as a party wall with the fatter. The exterior 
of the new building has been made as nearly as 


possible the same as that of the old, with the ‘ Details of Saw-Tooth Roof Construction. 
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girder. The girders and those beams which come 
at the columns are knee-braced against the lat- 
ter by a concrete bracket which is reinforced 
with two %-in. rods that extend into the col- 
umns at one end and into the girder or beam at 
the other. 

The Unit girder frame system of reinforcement 
is used in the girders.and beams. This system, 
which has already been described in detail in 
L this journal, consists essentially of a steel frame 
sion and sheer stresses at that point. The sheer for each beam and girder, which is built of the 
stresses are also provided against by vertical rods and bars necessary for reinforcement, This 
bars attached to those in the lower part of the frame is assembled at the shop and delivered 
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Details of Reinforcement. 


result that the combined structure. appears to 
be a single building. 

The entire combined structure is occupied by 
the offices, stock and plant of the lithographing 
company, the two latter including concentrated 
loads caused by the materials and presses used 
in the lithographing processes. The various floors 
are designed to carry a uniformly distributed 
live load of as high as 350 lb. per square foot 
in addition to the dead load. They consist of a 
4-in. slab of 1:2:4 concrete reinforced with %- 
in. rods, 6 in. center to center, with %-in. 
‘shrinkage rods at right angles. Set on this 
slab are 2 x 4-in. timber sleepers, 16 in. apart 
on centers, with spikes driven into each side 
to anchor them. The space between these sleep- 
ers is filled flush with their tops with cinder con- 
crete and to them is nailed 144-in. tongued and 
grooved flooring with which all floors are fin- 
ished. *} 

The floors are carried by four interior longi- 
tudinal. rows of reinforced-concrete columns, by 
reinforced-concrete piers in the side walls and 
by the party walls. The rows of columns are 
spaced 19 ft. 2 in. apart on centers in one direc- 
tion and. 13.5 ft. apart on centers in the other 
direction. The floor slab is carried over the 
long span by 8 x 15-in. concrete beams spaced 
4.5 ft. apart on centers and reinforced with four 
¥%-in. bars placed as a girder frame. These 
beams and the floor-slab are carried across the 
short spans at the columns by 1 x 18-in. con- 
crete girders, which are reinforced near the 
bottom with four %-in. rods, fixed in the same 
plane, and by four 34-in. rods, two of which are 
bent up toward the top of the girder at the 


point of support at the column to resist the ten- Building of the Ketterlinus Lithographic Manufacturing Co. 
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ready to be placed in the forms, the position 
and spacing of all its members being fixed by 
the method of fabrication. The frame for each 
beam or girder is held in position in the forms 
by clamps attached to the lower reinforcing mem- 


‘bers of the frame and to the forms until con- 


crete has been placed in the latter. These clamps 
are arranged so the portion of them fixed to the 
forms may be removed when the concrete is 
stripped. 

Circular concrete columns are used through- 
out the building; those in the upper four stories 
being reinforced with steel rods, and in the base- 
ment and five lower stories with a core of struc- 
tural steel angles. The columns are carried at 
the level of the basement floor by reinforced-con- 
crete footings resting on a stratum of good gravel 
which underlies the site. The bottom ends of 
the steel angles in each column are attached to 
a grillage of I-beams embedded in the concrete 
of the footings. The columns are designed so 
that the concrete will receive a maximum com- 
pressive stress of 500 lb., and the steel a maxi- 
mum compressive stress of 16,000 lb. per square 
inch. Eight angles, arranged as shown in one 
of the accompanying illustrations, are placed in 
each column. The columns in the basement and 
first story are 24 in. in diameter, and are rein- 
forced with eight 6 x 4 x 11/16-in. angles; those 
in the second and third stories are 21 in. in 
diameter and are reinforced with eight 6 x 4 x 
9/16-in. angles; those in the fourth and fifth 
stories are also 21 in. in diameter, and are re- 
inforced with eight 3% x 3% x 5-in. angles; 
the sixth and seventh story columns are 23% and 
1734 in. in diameter, respectively, and each con- 
tains four 1-in. round rods; the eighth-story col- 
umns, which carry the roof only, are 11 in. in 
diameter and contain four 34-in. rods. 

Two sides of the building have frontage on 
the street, and on these two sides the floor 
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girders and beams are carried by 26 x 42-in. 
reinforced-concrete piers which also carry rein- 
forced-concrete lintels over the window spaces. 
The latter are of such width as to provide the 
maximum amount of glass area consistent with 
the necessary stability. The sill of each window 
is carried by brickwork built up on the lintel of 
the window in the. story below. The concrete 


piers are veneered with a 4-in. course of brick 


View of the Ketterlinus Building During Construction. 
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which is continuous with the brickwork between 
the lintels and sills of the windows, and gives 
the exterior of the building the appearance of 
being a structure with brick walls. The window 
sills are of terra-cotta set in place, and after- 
ward backed with concrete. The lintels are like- 
wise concealed by terra-cotta to harmonize with 
the redstone trimmings of the original building. 

The building is provided with saw-tooth roofs 


built in concrete and fitted with skylights. The 
details of one of these skylights is shown in an * 
accompanying illustration, from which it may be 
seen that they are built entirely of concrete and 
metal and are fully fireproof. The 3-in. con- 
crete slab of the roof is finished with tar and 
gravel roofing and has copper flashings at all 
openings and projections. 

The loads brought on the floors in various parts 
of the building by the heavy stocks of paper, 
lithographing stones and printing presses, the 
latter weighing 15 to 20 tons and being located 
in the third, fourth and fifth stories, have been 
carried for over a year without the least sign 
of failure. The presses have a tendency to cause 
excessive vibration, which was particularly no- 
ticeable in the eighth story of the old building 
until the new portion was about half erected. 
Since the completion of the new building this 
vibration has never been excessive in the old 
structure, nor have the presses in the new por- 
tion caused any vibration in it. 

The building laws of Philadelphia require fire- 
escape stairways in brick towers separated from 
the remainder of the building and accessible only 
by means of balconies open to the outside. One 
of these towers has been built in the new build- 
ing so that entrance may be secured to it from 
either building. An elevator shaft fitted with 
doors that close automatically in case of fire is 
at the rear of this tower. Stairways in brick 
towers are also located at the opposite corner of 
the building so that three safe means of exit 
are provided for all parts of the building. 


The new part of the building is fitted with 
wire-glass windows in metal frames, in all ex- 
cept the first story, which has plate-glass win- 
dows in metal frames. All openings in the 
division wall between the older and the newer 
parts of the building are fitted with automatically 
closing fire doors on both sides of the fire wall. 
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The entire building is equipped with a system of 
automatic sprinklers supplied directly by a 35,000 
gal. primary tank 20 ft. above the roof. Out- 
side sprinklers are placed over all windows of 
the old portion and over the first story windows 
of the new portion, those windows not having 
wire glass in metal frames. A 750-gal. Under- 
writers fire pump having two distinct 6-in. con- 
nections with the distribution mains of the mu- 
nicipal water-works system supplies water to 
the tank on the roof, directly to the sprinkler 
system or to standpipes in the building. <A 
standpipe extending to a nozzle monitor on the 
roof is also provided and is connected with the 
high-pressure fire-protection mains of the city. 
Hose connections can also be made to this stand- 
pipe at every floor. The entire building is. in- 
sured by the Associated Factory Mutual Insur- 
ance Companies and enjoys the distinction of be- 
ing the only building in the congested portion of 
Philadelphia that is so insured. 

The power plant for the building is in the 
basement. Steam is supplied by four Heine 
water-tube boilers, two of 100-h.-p. and two 150- 
h.-p. capacity. The original mechanical installa- 
tion included a 125-h.-p. improved Greene engine 
belted to a vertical shaft, by means of which 
power was transmitted to shafting on the various 
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Bridge Dams for the Mohawk River. 


In the Barge Canal improyements which are 
now being carried out by the State of New York, 
the canalization of rivers and smaller streams 
plays an important part. One of the most difficult 
problems which confronted the Advisory Board 
of Consulting Engineers was the adoption of a 
plan for the satisfactory use of the Mohawk 
River. This has a watershed of about 3,400 
square miles above its junction with the Hudson 
River, from which at times of freshet there is a 
maximum discharge of about 100,000 cu. ft. of 
water per second. From observations of floods 
caused by severe rain storms during the past ten 
years the conclusion was reached that a flood of 
35,000 cu. ft. per second may occur in the Lower 
Mohawk during the navigation season from May 
Ist to December Ist, but probably will not occur 
more than once each year, and that the duration 
of this flood will not exceed a period of more than 
two days. It is believed the extreme flood will 
not occur except at intervals of several years. 
After a careful consideration of all of the data 
obtained in regard to floods in the Mohawk River, 
and taking into account gauge readings that have 
been established for the last six years, it was de- 
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Sewage Disposal at Chicago and Vicinity. 


A report by Messrs. Rudolph Hering and George W. Ful- 
' ler to the International Waterways Commission. 


Nearly all of the sewage from the population 
of Chicago now connected with sewers is diluted 
with Lake Michigan water, which, since Jan. 17, 
1900, has been allowed to flow through the new 
drainage canal and thus reach the valley of the 
Illinois River. This method of disposal is the 
outcome of various investigations, particularly of 
a commission on the drainage and water supply 
of Chicago in 1886-87. It was formally adopted 
in 1889 by State legislation, creating the “Sani- 
tary District of Chicago,” specifically providing 
that the volume of lake water for purposes of 
dilution shall be 3% cu. ft. per second for each 
1,000 of population connected with the sewers, 
or 20,000 cu. ft. per minute for each 100,000 popu- 
lation. 

In early days part of the sewage of Chicago 
flowed directly into the lake and part into the 
Chicago River and its branches. From the lat- 
ter a portion of the water and sewage, beginning 
over 35 years ago, has been pumped at Bridge- 
port into the Illinois & Michigan Canal, as is 
true to some extent to-day. It is understood 
that the old canal is to be discontinued 
by legislative action as soon as equiva- 
lent transportation and power facilities 
can be arranged for by means of the 
new canal. 

In 1903 an act of legislature was passed 
extending the area of the sanitary dis- 
trict from 185 to 358.1 square miles, and 
including the “North Shore addition” 
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upper floors. This installation has been retained, 
and to it has recently been added a 75-kw. belt- 
driven Sprague generator. Additional power is 
also furnished by two 75-kw. alternating-current 
Westinghouse generators, each direct-connected 
to a 115-h.-p. Harrisburg engine. One hydraulic 
passenger, elevator, two hydraulic freight eleva- 
tors, and two hydraulic plungers from the base- 
ment to the sidewalk, are also included in the 
equipment, a 500-gal. Worthington pump furnish- 
ing water at 140-lb, pressure to operate the ele- 
vators. 

The entire building was designed by Ballinger 
& Perrot, Architects and Engineers, of Philadel- 
phia, and was erected under their direction. 


Steet’ Cross-Ties filled with a mixture of 
asphalt and rock are to be tried on the main line 
of the Pennsylvania R. R. near Lockport, Pa., 
where three thousand of them are to be installed. 
The casing has the form and size of the ordinary 
wooden tie and is open on one side. This steel 
box is filled with the bituminous mixture and 
placed in the track with the steel side up and the 
filling resting directly on the ballast. The new 
ties weigh about 700 lb., or three times as much 
as the average wooden sleeper. 


ELEVATION LOOKING DOWN STREAM 


cided to recommend the construction of two fixed 
dams on the Upper Mohawk between Cohoes and 
Schenectady, and eight movable dams between 
Schenectady and a point six miles east of Little’ 
Falls. The various types of movable dams now 
in use throughout the world were carefully con- 
sidered for that portion of the river between Sche- 
nectady and Little Falls, as stated in full in The 
Engineering Record of January 19, 1907, and the 
board, recommended the, construction of what is 
known as a bridge type. ; 

This type answers a two-fold purpose. It per- 
mits the governing of the water surfaces at pools 
above each dam and at the close of navigation the 
movable portion of the dam is suspended under 
the bridge out of reach of the highest floods; at 
the same time if it is thought wise in the future 
to use the bridges for highway purposes with a 
slight outlay of money for a floor system and ap- 
proaches to the bridge on either end, it can be 
made serviceable for the various communities on 
either side of the valley at each location. 

This type of dam has been successfully used in 
Bohemia on the River Moldau, as illustrated in 
this journal on January 10, and is now proposed 
for use on the Lower Seine in France. The type 
adopted for the Mohawk is illustrated above. 
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General Design of Bridge Dam With Boule Cates Proposed for Mohawk River. 


of 78.6 square miles and the “Calumet ad- 
dition” of 094.5 square miles. The area of 
the city of Chicago is 190,638 square miles, 
leaving 167,462 square miles as the area of the 
present sanitary district outside of the city 
limits. 

There are several features to be noted in con- 
nection with’ the method of sewage disposal of 
the city of Chicago as adopted in 1889. It had 
been found to be the cheapest method then avail- 
able for disposing of the sewage so that it would 
not pollute the public water supply, which was 
then and is now derived from Lake Michigan 
through a series of intake cribs located at vari- 
ous distances from shore. 


To prevent such pollution it was of course nec- 
essary first to divert all of the sewage into the 
Chicago River. A pure-water commission was 
appointed by the mayor in 1897 to consider the 
question of intercepting sewers for that purpose. 
It recommended among others a large intercept- 
ing sewer to collect the sewage from the area 
along the fake front between Seventy-third and 
Thirty-first streets, and about a year ago a 20-ft. 
conduit was completed on Thirty-ninth St. 
through which the diluted sewage from this area | 
now passes to the south fork of the south branch 


in the Chicago River. 
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of the Chicago River. At present there is a 
gravity flow of lake water ordinarily of about 
40,000 cu. ft. per minute. Pumps are now in 
process of erection by which ultimately there will 
be pumped through this conduit about 120,000 
cu. ft. of lake water per minute, or 2,000 cu. ft. 
per second. 

On Twenty-second St. there was formerly a 
main sewer draining the area bordering on the 
lake front between Thirty-first and Sixteenth Sts., 
and discharging into the lake. In 1808 the flow 
in this sewer was reversed so that its contents 
now discharge into the river. 

On Twelfth St. in 1898 the flow in the-main 
sewer was also reversed. 

In the heart of the city, or business, section, 
the sewers have always discharged into the river 
and not into the lake. The same is true of a 


considerable area lying north of the Chicago River» 


and along the lake shore. To facilitate this dis- 
charge a conduit was put in service in 1880 at 
Fullerton Ave., through which there has been 
pumped about 12,000 cu: ft. of lake water per 
minute into the North Branch of the Chicago 
River. ; 

At the present time there is no sewage enter- 
ing the lake between Surf St. (just north of Lin- 
coln Park) on the north side and Seventy-third 
St. on the south side of Chicago. 

Plans are under way for the consttuction of 
the necessary works to collect the sewage along 
the lake front between Seventy-third and Eighty- 
seventh Sts., and to pump it into sewers west of 
Halsted St., which lead to the Chicago River. 
There is very little or no sewage from this area 
now reaching the lake, as the district is yet prac- 


- tically unsewered. 


On the north side there is an area Beevaen Surf 
St. and the northern city limits and between the 
lake shore and the ridge between the lake and 
the river, which now discharges sewage into the 
fake, but which will be diverted next summer. 
This sewage is to be collected by interceptors 
conducting it to Lawrence Ave., where will be 
located a pumping station and a conduit for 
pumping the sewage and about 35,000 cu. ft. of 

“lake water per minute into the North Branch of 
the Chicago River. 

Farther north, at Wilmette, a conduit is pro- 
posed to be built with a pumping station near the 
Northern Railroad bridge in Evanston, where 
about 60,000 cu, ft. of lake water per minute will 
be diverted into the North Brarch of the Chicago 
River. 

The projected flow of the lake water to the 
canal through the Chicago River and its branches 
to the drainage canal may therefore be divided 
and summarized as follows: Main stream, Chi- 
cgo River, 373,000 cu. ft. per minute; Thirty- 
ninth St. conduit, 120,000 cu. ft.; Fullerton Ave. 
conduit, 12,000 cu. ft.; Lawrence Ave. conduit, 
35,000 cu. ft.; Wilmette conduit, 60,000 cu. ft.; 
total 600,000 cu. ft. per minute or 10,000 cu. ft. 
per second. 

The volume for the main stream of the Chi- 
cago River as above stated is obtained by deduct- 


_ ing the remaining quantities from the total. 


Reversal of Flow in River.—The satisfactory 
disposal of the sewage of Chicago by means of 


the new drainage canal requires that, at and after 


heavy rainfalls, the storm water and sewage from 
the watershed vf the Chicago River shall not flow 
into Lake Michigan, and therefore it is necessary 
to secure a practical reversal of the original flow 
The drainage area of the 

Chicago River is about 270 square miles. Flood 
flows in the river have reached a maximum of 
about 10,000 cu. ft. per second, or 600,000 cu. ft. 
per minute, and this fact was also an-important 
element in fixing the minimum size of the pres- 
ent drainage canal. 

As to the efficiency of arrangements for the re- 


versal of flow, our inquiries lead us to believe 
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that this has been accomplished in a satisfactory 
way. Up to the present time, and owing to the 
insufficient waterway of some parts of the Chi- 
cago River, the volume of Lake Michigan water 
going through the river has not approached the 
volume above stated. But there have been times 
when a continuous flow of the Chicago River 
has been toward Lake Michigan-for perhaps two 
or three hours. This time is necessary to prop- 
erly regulate the water level at the controlling 
works near Lockport. 

Population Now Sewering Into Canal—We 
find that the present- population of Chicago is, 
in round numbers, 2,000,000 people, of which be- 
tween 100,000 and 200,000 reside south of Eighty- 
seventh St., tributary to the Calumet district, but 
within the city limits. Of the remaining popula- 
tion about 300,000 reside in the southern lake 
front district. This area is tributary to the Thirty- 
ninth St. pumping station, which, since about 
Jan. I, 1906, has brought about the diversion of 
the sewage from the lake into the South Fork of 
the south branch of the Chicago River. 

There is still an area in the northwestern part 
of the city north of Lincoln Park, spoken of as 
the northern lake front district, which drains 
directly into the lake. Its population may be very 
roughly estimated at 70,000. 

There is a considerable area south of Seventy- 
third St. and west of Halsted St., and also a por- 
tion of the northwestern part of the city, which 
are of a semi-suburban character. Some portions 
have been provided with sewers and receive the 
overflow from cesspools. 

So far as we are able to ascertain from local 
officials and without making a personal canvass 
as to details, it appears that there are now, in 
round numbers, about 1,500,000 people sewering 
into the drainage canal. In addition to the sew- 
age there enters it a considerable quantity of 
trade wastes, notably about 2,000,000 gal. from 
the stock-yard district, and from quite a number 
of other industrial establishments, such as tan- 
neries, wool-pulling establishments, etc., as stated 
by the sanitary inspector in the last report of the 
health department. 

It is our understanding that the present sewage 
disposal project for Chicago is not intended to 
provide for the disposal of trade wastes now dis- 
charged into the sewers. While comparatively 
little has been done as yet to remove them from 
the sewers, we have:been informed that it is pro- 
posed to take up this matter actively. 

Influence of Sewage on Water Supply—The 
city of Chicago receives its water supply from 
Lake Michigan through a series of tunnels of 
various lengths, ranging from I to 5 miles from 
shore. Most of them extend from the shore 
about two miles. The total pumping capacity 
for this supply is stated to be 529,000,000 gal. in 
24 hours. In t1g05 the average daily pumpage 
was recorded as 399,000,000 gal. 

Since the removal of the sewage through the 
drainage canal was systematically begun in Janu- 
ary, 1900, the appearance of the water of the Chi- 
cago River has shown marked improvement. 

The effect of the drainage canal upon the 
hygienic quality of the public water supply may 
be studied in connection with the typhoid fever 
death rates at Chicago, which are recorded in 
the accompanying table, together with correspond- 
ing death rates for a number of other American 
cities. It is not to be assumed that typhoid fever 
is entirely due to the pollution of the public water 
supply at Chicago or elsewhere, as it is well 
known that there are other means of transmitting 
this disease. But its relation to the public water 
supply is so intimate that it gives, perhaps, the 
best general idea of the sanitary quality of the 
water, and therefore it frequently has been used 
as a rough means of such measurement. 

There are other factors beside the drainage 
canal to be considered carefully in connection 
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with the typhoid fever statistics at Chicago, and 
some of which should be mentioned here. Prior 
to 1900 there was a substantial improvement in 
the public water supply, partly due to the exten- 
sion of some of the intake cribs and tunnels far- 
ther into the lake and partly to the reversal of 
the flow of a number of the sewers from the lake 
into the river, such as those at Twelfth and 
Twenty-second Sts., in 1898. These are import- 
ant factors in explaining the absence in the late 
nineties of such excessive typhoid death rates 
as were noted at the beginning of that decade. 

Since the opening of the drainage canal typhoid 
fever at Chicago has been rather unusually preva- 
lent at times. This was especially true in 1902-3, 
when, it is understood, portions of the supply be- 
came contaminated after leaving the intake crib. 
These accidental pullutions have since been cor- 
rected. , 

The report of the city chemist of Chicago, as 
given in the last annual report of the department 
of health, shows that on an average in 1905 the 
city water supply was considered by him to be 
safe about 85 per cent. of the time. 

While there has been a marked improvement in 
recent years in the quality of the Chicago water 
supply, due to the progressive elimination of 
sewage from the lake, there is still room for 
more improvement. These improvements refer 
to the pollution along the lake front north of 
Lincoln Park, which is being corrected, and to 
to the “Calumet area” south of Eighty-seventh St., 
which is now under consideration. 


CoMPARISON OF THE ANNUAL NUMBER oF RECORDED DEATHS 
FROM TyPHOID FEVER PER 100,000 PoPULATION AT CHI- 


CAGO AND OTHER AMERICAN CITIES, 1890-1905. 
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Dilution For Disposal of Sewage Without Nui- 
sance.-—The disposal of sewage by dilution de- 
pends on the amount of oxygen in the diluting 
water being sufficient to prevent putrefaction of 
the organic matter in the sewage as the latter 
undergoes bacterial decomposition. If the oxy- 
gen is deficient bacterial decomposition produces 
what is called “putrefaction,” with its various at- 
tendant bad odors, such noted for years in Chi- 
cago at “Bubbly Creek.” If there is a sufficient 
amount of oxygen dissolved in the water to com- 
bine with this organic matter, decomposition goes 
on without any foul odors and the organic mat- 
ter is reduced to inert matter in. an inoffensive 
way. 

This question is one of balancing the amount of 
oxygen in a given volume of water with the 
amount of decomposing organic matter in the 
sewage, which naturally must vary greatly. 

There are many observations of more or less 
accuracy available to give figures for this rela- 
tion. The Massachusetts State Board of Health 
made a special inquiry into this subject for all 
local rivers in 1902, with conclusions, stated on 
page 452 of their annual report for that year, as 
follows: 

“The results of the investigations show that where 
the quantity of water available for the dilution of 
the sewage in a stream exceeds about 6 cu. ft. 
per second per 1,000 persons discharging sewage, 
objectionable conditions are unlikely to result 
from the gross pollution of all the water of a 
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stream in dry weather. Under favorable circum- 
stances, such as in cases where the sewage is 
discharged at many outlets into a large body of 
water, objectionable conditions may not result 
where the dilution is somewhat less than 6 cu. ft. 
per second per 1,000 persons; but objectionable 
conditions have resulted in all of the cases thus 
far examined where the flow has been less than 
3.5 cu. ft. per second per 1,000 persons discharg- 
ing sewage into the stream.” 

These conclusions apply for the most part to 
comparatively small streams into which much 
manufacturing waste is discharged and upon 
which mill ponds are situated. 

There are times when the flow of water in 
the drainage canal appears to have been insuffi- 
cient to eliminate objectionable odors entirely. 
How far this may be explained by confusion on 
the part of the observers of the putrefactive odors 
emanating from the Illinois & Michigan Canal 
with those of the new canal, and how far it may 
be due to temporary reductions in the rate of flow 
in the new canal and river to facilitate construc- 
tion work, and also to the effect of rainfalls and 
to old deposits in the South Fork, we are unable 
to say. 

The new canal appears to serve at present about 
one-half the -population for which it was de- 
signed, and through it flows a volume of lake 
water which is variable, but which averages not 
far from one-half of the ultimate quantity. 

It is our judgment that for large canals with 
the trade wastes eliminated a dilution of 3% 
cu. ft. per second for each 1,000 population con- 
nected with the sewers also receiving storm water 
is as low a figure as it is now possible to state. 
Local conditions, especially temperature, which 
affects bacterial activities and the coefficient of 
absorption of oxygen by water, and still other 
matters, bear upon this question, the detailed dis- 
cussion of which is not now necessary. We feel 
certain that a dilution of 2% cu. ft. per second 
would cause offense at times, and probably also a 
dilution of 3 cu. ft. per second. 

Future Population on Area Tributary to River 
and Canal.—On the basis of the diversion of 
10,000 cu. ft. per second of Lake Michigan water, 
on the present assumption of 3% ft. per second 
as being the volume to be provided for each 1,000 
population connected with the sewers, and on the 
assumption of eliminating objectionable trade 
wastes, the present method of disposal tnay serve 
until the population on the drainage area of the 
Chicago River reaches 3,000,000 people. 

On the further assumption that through the 
Chicago River and various conduits connected 
with its branches there will be a flow equal to 
14,000 cu. ft. sper second, which is the capacity 
of the rock section of the drainage canal, the 
maximum population which might be taken care 
of in this way is about 4,200,000 peuple. 

With a large portion of the 270 square miles 
draining’ into the Chicago River, but not yet 
built up, even on a suburban basis, it is evident 
that in future years there will be a much greater 
population than now exists. 

We have considered the rate of growth of Chi- 
cago from various viewpoints, notably the density 
of its population, and have compared its growth 
with that of other metropolitan districts. There 
is, of course, no way vf predicting accurately how 
tapid will be the growth of Chicago in future 
years; but it is a reasonable assumption that be- 
fore many years it will become a city. of some 
five or six millions of population. It seems rea- 
sonable to infer that the population residing upon 
the area tributary to the Chicago River and its 
branches will ultimately exceed both the 3,000,000 
and 4,200,000 estimates above mentioned. In other 
words, the present dilution method will certainly 
not alone for all time take care of the crude sew- 
age of this area. 


There are several available methods for the 
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purification of sewage, depending upon the degree 
of purification desired, as will be noted beyond 
in connection with the Calumet area. 

It is not probable that the sewage of the old 
part of Chicago will ever be purified by artificial 
means, as it would be proportionately much more 
difficult and expensive to deliver the sewage to 
suitable sites for purification than to continue 
the present dilution method. It is different with 
the outlying districts tributary to the Chicago 
River. In the future, when these districts be- 


‘come built up so that the population exceeds the 


limits above stated, the installation of sewage 
purification works will necessarily follow. 

Proposed Calumet Canal—The more essential 
features of this proposed canal, as obtained from 
local officials, may be summarized as follows: 
The canal would extend from a point on the 
Little Calumet River near Blue Island, through 
the Sag Valley, and enter the drainage canal 
near Sag Station. The total drainage area of the 
Calumet River is 825 square miles, of which 473 
are in Indiana. Within the limits of the sanitary 
district of Chicago and south of Eighty-seventh 
St., the area is 94.5 square miles, with a popula- 
tion of about 100,000 in 1900. It is stated that 
the population has nearly doubled within the 
past six years, and it is expected to reach a mil- 
lion people or more within a fairly short period, 
as the conditions for a manufacturing district are 
very favorable. 

The size of this canal, as proposed, is such as 
to give a flow of 4,000 cu, ft. per second. 

The natural flow of the Calumet River exceeds 
12,500 cu. ft. per second. It is proposed, if suit- 
able legislation can be secured, to construct a 
dam below Thorn Creek, at the southern bound- 
ary of the sanitary district, and divert into Lake 
Michigan, through a channel to be built about 
17% miles east of the State line, the flow of this 
stream, with a drainage area of about 587 square 
miles. The size of the proposed Calumet Canal is 
too small to secure at all times a reversal of flow 
of the remaining portion of the area, which is 
about 240 square miles. It is proposed to put a 
controlling lock on the canal east of Blue Island 
to prevent flood waters from this lower area 
entering the canal, at which times sewage enter- 
ing the river on the lake side of the lock would 
go into the lake. The proposed canal is insufh- 
cient to carry in the future all the storm flows 
of the Sag Valley itself. These would, at least, 
in part, require diversion through present vr 
other channels. 3 

The estimated cost of this proposed canal is 
$12,000,000. 

On the assumption already stated, this canal, 
by diltition, would dispose of the sewage of about 
1,200,000 people, not including objectionable trade 
wastes. This makes the cost of sewage disposal 
$10 per capita for the entire future population, 
or about $60 for the present population. The 
sewage would for the most part reach the canal 
by gravity through the Calumet River, so that 


the cost of maintenance would be comparatively 


small. “ 3 

In passing, we may say that the Calumet area, 
both in Illinois and Indiana, is certain to develop 
rapidly, and its population will eventually far 
exceed the above figure. 

Relation of Calumet Sewerage to Chicago 
Water Supply—For the reasons above stated in 
connection with the reversal of flow, the sanitary 
effect upon Lake Michigan water at the Hyde 
Park intake and vicinity of this proposed Calu- 
met Canal would not be nearly as effective as that 
of the main canal for the Chicago River territory 
and neighboring intakes. This fact is important 
in connection with the degree of sewage purifica- 
tion required by artificial purification works to 
give a sanitary effect equal to that of the pro- 
posed canal. 

There seems to be no doubt that at times the 
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sewage entering the Calumet River under pres- 
ent conditions from this district pollutes the lake 
water from the Hyde Park intake crib. It may 
pollute the water at other intakes, but our evi- 
dence is not conclusive. In the future, when the 
Calumet area is built up, it is possible that intake 
cribs may be built nearer to the mouth of the 
Calumet River than is the Hyde Park intake. 

In view of the fact that the proposed Calumet 
Canal can not keep all sewage out of Lake Michi- 
gan at times of heavy rainfall, it is important to 
note that the water supply of this section of Chi- 
cago will eventually have to be purified by-modern 
filtration works. This can be done at moderate 
cost, and it will be the cheapest and best solution 
of this problem to filter the water supply vf this 
district and to purify the sewage to such a de- 
gree that the effluent will be fairly clear and non- 
putrescible, that is, free from disagreeable odors. 
With additional expense the sewage effluent (of 
the quality just stated) can be given a supple- 
mentary purification, making it practically free 


of bacteria by treating it with a germicide or by 


filtering it according to water purification prac- 
tice. 

Under existing conditions we are firmly of the 
opinion that all the purification required of the 
sewage of the Calumet district is to make it 
fairly clear and nonputrescible. 

Sewage Disposal Methods——The degree of puri- 
fication of sewage by various forms of treatment 
differs naturally. under different local conditions, 
but from general experience approximate results 
may be compared, substantially as follows: 


PERCENTAGE OF PURIFICATION By Various MeEtrHops oF 


DISPosAat. 
Suspended Organic Bac- 

Method. matter. matter. teria. 
Fine screens (30 mesh or finer) 15 bas) 15 
Sedimentation | — sor aelete\etlel is ais 65 30 65 
Septic treatment. uiemesn et sale 65 30 65 
Chemical precipitation ....... 85 50 85 
Contact filtets™ +a tare, aen te satire 85-90 65-70 80-85 
Sprinkhing= ohilters’s Pierce tiawicis 85-90 65-70 90-95, 
Intermittent sand filters....... 95-99 90-9 98-99 


*The figures for the last three forms of treatment 
are on the assumption that the sewage is given some 
form of preparatory treatment before it is applied to 
the filters, and that with the sprinkling filters the effluent 
is allowed to settle. ; 

It is to be stated that nune of the first four 
treatments above tabulated will by itself give a 
non-putrescible effluent. Therefore they can be 
used here only in connection with some form of 


filtration. * 


For large works filters can be more economi-. 
cally operated if the sewage is first clarified in 
part, as stated in connection with the above sum- 
mary. The most appropriate method for this pre- 
paratory or preliminary treatment is considered 
by most sanitary engineers in this country and 
abroad to consist of septic tanks, which is the ex- 
pression applied to sedimentation basins in which 
the deposited sludge is allowed to accumulate 
to undergo bacterial action. There are several 
forms of filters, the most widely known of which, 
in this country, is the intermittent sand filter, 
sometimes mentioned as the so-called “land treat- 
ment” for sewage disposal. This method was con- 
sidered in 1886-87 for the entire Chicago area 
and reported upon unfavorably on account of its 
being more expensive than the adopted method 
of dilution. 


We find that a feeling appears to prevail among 
some persons at Chicago against land treatment 
of sewage, due perhaps to the unsuccessful opera- 
tion of the sewage farm at Pullman, which is situ- 
ated within this Calumet area. We are familiar 
with the facts and experiences at Pullman, and 
are clearly of the opinion that they are not neces- 
sarily a criterion for the Calumet area. This 
opinion is based partly upon the smail size of 
particles of the soil at the Pullman farm, and 
partly upon the fact that the farm was devoted 
principally to agricultural rather than sewage 
purification purposes. 


We have examined the tracts of lake sand 


at 


5 


as to size of sand grains. 
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which are found in Indiana and to a limited ex- 
tent in the township of Thornton, Ill. The lat- 
ter areas are too limited in extent and too shal- 
low to be considered for present purposes. The 
only areas of suitable porous sand for land treat- 
ment of the Calumet sewage are in Indiana. We 
have collected five samples of this sand for me- 
chanical analysis, and have obtained the results 
Representative results 
average substantially as follows: Effective size, 
0.15 mm.; uniformity coefficient, I.40. 

If we disregard the State boundary line, a large 
tract of sand vf a suitable character is available 
for the disposal of the sewage of this district. 
The best area lies between the Little Calumet and 
the Grand Calumet rivers, and extends east of 
Hammond for many miles. 

Within the past six or eight years great strides 

have been taken in the field of sewage purification 
in connection with works of wholly artificial con- 
struction. We refer particularly to filters of 
coarse, firm material, such as broken stone, slag, 
or clinker, and usually spoken of as “coarse- 
grained filters,” as distinguished from fine-grained 
sand filters. Coarse-grained filters are of two 
types, spoken of as “contact filters’ and “sprink- 
ling filters,’ according to the method by which 
the sewage is applied to them. These filters pro- 
duce an effluent which will not putrefy when they 
are operated at a rate far greater than that which 
is possible for sand filters. We shall describe 
briefly each vf these types of sewage purification 
methods and state their approximate cost of con- 
struction on suitable sites for the Calumet area, 
based upon unit prices in accordance with experi- 
ence elsewhere. An outline is first required, how- 
ever, of the intercepting sewers, pumping stations, 
and rising mains necessary to collect and deliver 
the sewage to the filter sites, of which there are 
several available. 
' Regardless of the particular kind of filter found 
most suitable for the Calumet area, there are a 
number of features common to all methods, and 
which may be stated as follows: 

With the adoption of sewage filters for this dis- 
trict we are clearly of the opinion that it would 
be advisable hereafter to build a separate system 
of sewers for domestic sewage only.. Some, if not 
all, of the existing main sewers could be used 
for the removal of storm and surface water only, 
and new sewers parallel them for sewage re- 
moval; or, some of the existing sewers could be 
utilized for sewage removal, requiring new struc- 
tures for storm-water removal. Trade wastes 
should be excluded from all sewers. ° We have 
obviously not included in the cost of purifying 
the sewage any expense for the main sewers or 
laterals to collect it and deliver it to the inter- 
ceptors. 

We have assumed that the sewage of this dis- 
trict will approximate 130 gal. per capita daily 
on an average. With a population of 1,200,000 
the total volume of sewage would therefore be 
about 156,000,000 gal. daily. We have also al- 
lowed for ground-water seepage up to 1,000 gal. 
per square mile per day. 

For purposes of making approximate but lib- 
eral estimates of cost of purifying the sewage of 


this district, we have prepared sketches showing 


the intercepting sewers which will be required 
in order to collect the sewage of the district at 
four or more centrally located pumping stations. 
We have assumed that these intercepting sewers 
will be built of concrete, and when flowing full 
have a capacity of 250 gal. per 24 hours for each 
person resident upon the area tributary to the 
interceptor. When full, these interceptors have 
been assumed to have a velocity of 2.5 ft. per 
second. We have also assumed, after excluding 


be that portion of the Calumet district reached by 
extreme high water in the lake, that on an aver- 
age the population contributing to the four or 
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persons per acre. On this basis the length and 
size of the necessary intercepting sewers have 
been obtained. 

For convenience we have located four main 
pumping stations near Riverdale, Harvey, South 
Hammond and South Chicago. There will be 
required, when the district is built up to the 
extent herein considered, a total pumping capac- 
ity of about 340,000,000 gal. daily, including neces- 
sary reserve capacity at each station. 

Septic Tanks.—Regardless of the type of filter 
adopted, the sewage would be screened at the 
pumping stations, and then flow through septic 
tanks having a capacity of eight hours’ flow on 
an average. These tanks would be about 12 to 15 
ft. deep, built of concrete, and arranged in com- 
partments, sv as to facilitate septic action on the 
deposited sludge, but without such action taking 
place in the flowing sewage itself. Owing to the 
severe winter climate in this vicinity, it is our 
opinion that it would be wise to cover these 
tanks. Of the solid matters in suspension in the 
sewage about 65 per cent. would deposit in the 
septic tanks, and of these deposited solid matters 
about one-half would be liquefied and gasified by 
bacterial decomposition. 

The sludge, which would be removed at inter- 
vals of once a year or so from the tanks, is esti- 
mated to contain about 85 per cent. water and to 
amount to about 2 cu. yd. per 1,000,000 gal. Bac- 
terial action converts this sludge to a practically 
inert mass which can be pumped in thin layers on 
to adjoining land and allowed to dry. 

This is the form of preliminary treatment in 
use in some 40 places in this country, including 
Plainfield, N. J., Saratoga, N. Y., Mansfield, 
Ohio, Champaign, IIll., etc. It is the preliminary 
step in the works under construction at Colum- 
bus, Ohio, after elaborate tests of different meth- 
ods were made for a period of nearly one year. 
It has also been adopted recently at Baltimore, 
Md., Reading, Pa., and Waterbury, Conn. and has 
been recently proposed for Paterson, N. J., in a 
somewhat modified form. This form of pre- 
liminary treatment has been and is now exten- 
sively used in Europe with satisfactory results 
where the tanks are built and operated to meet 
local conditions as to volume and strength of 
sewage. { 

The odors from large open septic tanks are sel- 
dom noticeable a few hundred feet away. Under 
good management a septic effluent can be applied 
to sprinkling filters so that no objectionable odors 
should be carried one-quarter of a mile. 

The cost of building and operating septic tanks 
would be substantially the same for all filter pro- 
jects, and is considered under each as a common 
factor. 

Intermittent Sand Filters—This well-known 
method consists of applying the partially clarified 
sewage coming from the septic tanks to areas of 
porous sand, below the surface of which at depths 
of from 3 to 5 ft. are underdrains of open-jointed 
pipe to convey the purified sewage to the nearest 
water course. The sewage is applied only at in- 
tervals of once a day or so to a depth of per- 
haps 6 in. Between applications the sand layer 
is allowed to drain so that its pores may fill with 
air. This aeration of the pores vf the sand allows 
bacterial processes to convert the organic matter 
to a large extent to harmless mineral matter. 
The effluent is practically free of noticeable sus- 
pended matter and objectionable organisms and 
can be discharged directly into the nearest water 
course. 

This method is now in successful use in 40 to 
50 places in this country where porous sand areas 
are available. It serves a total population of 
about 350,000 people. Well-known plants are to 
be found at Framingham, Brocton, Clinton and 
Worcester, Mass.; Pawtucket and Woonsocket, 
R. I.; Meriden and New Britain, Conn.; Sara- 
toga, N. Y¥., ete. 
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From time to time it is necessary to rake, har- 
row or plow the surface of intermittent sand 
filters and to remove the scum which slowly accu- 
mulates there. At intervals it is. necessary to 
scrape off several inches of the upper portion of 
the sand layer when it is found that they are so 
clogged that harrowing and plowing no longer 
prevents the surface from remaining covered with 
sewage. 

With crude sewage it appears from Massachu- 
setts evidence, especially from the tests conduct- 
ed for a period of nineteen years at the Lawrence 
Experiment Station, that it would be necessary 
to provide I acre of intermittent sand filters for 
each 500 persons connected with the sewers. 
When the sewage is given a preliminary treat- 
ment in septic tanks and when the filters are oper- 
ated under intelligent supervision the area may 
be reduced sv as to provide I acre per I,000 per- 
sons. 

The most suitable natural site for sand filters 
for the Calumet area is to be found in the State 
of Indiana, ‘between the Little Calumet and the 
Grand Calumet rivers, east of the city of Ham- 
mond. It is possible to build artificial sand filters 
within the Calumet district, but the cost would 
be much greater than for any of the projects con- 
sidered in this report. 

Based upon our knowledge of these filters else- 
where, and without considering interstate compli- 
cations, we estimate that the cost of installing 
and operating such a plant, with its various appur- 
tenances, east of Hammond, and of a capacity of 
about 180,000,000 gal. daily t» serve a population 
of 1,200,000 people, would be as follows: 
Estimatep Cost or ConstructTinc Sanp FILTER PLANT 

AND APPURTENANCES, 
Intercepting sewers, pumping stations, and ap- 
purtenances, including a daily capacity of 


340,000,000 gal. and rising mains.......... $5,070,000 
Septic tanks, 60,000,000 gal. capacity, covered, 


including sludge-disposal facilities ......... 950,000 
Intermittent sand filters, 1,200 acres, with dis- 
tributors, drains, office, laboratory, etc...... 3,600,000 
Contingencies and supervision, 15 per cent.... 1,443,000 
BD St Ai tar att vel stesso stain cievata ei ses. ain,4.<\6 bare siala\e e/a 11,063,000 
Annual cost of operation. ‘ 
Pumping, fuel, labor and repairs..........+++- $300,000 
Supervision, analytical and clerical assts., etc. 25,000 
Care of septic tanks, including sludge disposal 36,000 
Care of sand filters .......0.. seer eeserceseee 480,000 
Supplies and miscellanies ........-.sceevesess 25,000 
$866,000 


Capitalizing the operating expenses at 5 per 
cent. per annum there is obtained $17,320,000, 
which, when added to the estimated construction 
cost, makes a total sum of $28,383,000 for the 
sand-filter project. 


Contact Filters—These filters consist of beds 
of broken stone, slag, or cinders, placed in un- 
covered basins to a depth of from 3 to 5 it. 
The size of material ranges from about one- 
fourth to I inch. 

The filters are ordinarily operated upon the 
fill and draw plan, that is, the gate on the outlet 
pipe is closed until the voids of the bed are filled 
with sewage from the septic tanks. After filling, 
the filters are allowed to stand full for an hour 
or so, then the sewage is allowed slowly to drain 
out, and this cycle of operation is repeated once 
or twice a day. When the filtering material is 
drained the voids fill with air, and it is during 
these periods of draining that bacterial processes 


‘accomplish the purification of the organic matter, 


which to a large degree is lodged upon the sur- 
faces of the filtering material as the sewage is 
slowly withdrawn from the bed. The rates of 
filling and drawing the beds may be satisfactorily 
controlled by a number of automatic devices on 
the market and which are in successful use in a 
number of places. 

Contact filters are an English adaptation of 
studies made some fifteen years ago upon the 
gravel filters by the Massachusetts State Board 
of Health at.the Lawrence Experiment Station. 
These studies were begun about thirteen years 
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ago at London. As an outcome of these and 
numerous other investigations, contact filters have 
been adopted and arein successful use for dozens 
of English cities, the largest of which is Man- 
chester, with a population of about 600,000; In 
this country contact filters have been installed tor 
a dozen or more small cities and numerous institu- 
tions. Perhaps the best known plants are at Plain- 
held, N. J., Mansfield, Ohio, and Charlotte, N. C. 
They are especially applicable to projects where 
only a small amount of head is available and 
where pumping would be required for sprinkling 
filters. 

For large projects, and where pumping is not 
a factor, recent experiences with sprinkling filters 
show that as a rule they are more economical. 
Notwithstanding this, contact filters have served 
and will serve a useful purpose in the field of 
sewage disposal in this country. Their conveni- 
ence of operation makes them especially suitable 
tor small installations. 

Many contact-filter plants have their beds ar- 
ranged. in terraces so that the sewage may be 
passed successively through two or three filters. 


There are a number of advantages of this ar-_ 


rangement, but it is not applicable to the Calu- 
met district, owing to the level area of the avail- 
able sites. One of the advantages of the double 
and triple contact filters is that they may be oper- 
ated from below during winter weather and thus 
guard against reductions in the rate of filtration 
due to freezing. 

The most available and suitable local sites 
are: A tract west of Harvey and between the 
Illinois Central and Rock Island railroads; a 
tract west of Hammond and the local branch of 
the Fort Wayne Railroad; and a tract between 
lakes Calumet and Wolf. 

As to the rate of filtration, we have assumed 
that contact filters should be 5 ft. in depth and 
that they would satisfactorily purify the effluent 
from septic tanks at the rate of 600,000 gal. per 
acre per twenty-four hours. This means that 1 
acre of contact filters should be provided for 
every 4,000 persons connected with the sewers. 


The effluent from contact filters operated under 
these conditions would be ordinarily free from 
objectionable amounts of. suspended matter, and 
the amount of organic matter would be so re- 
duced that it would not putrefy upon standing. 
On an average about 15 to 20 per cent. of the 
bacteria in the crude sewage would be present 
in the effluent. It would not be improper to 
discharge such an effluent as it came from the 
filters directly into the nearest water course. 


The amount of attendance required for contact 
filters is not great, and is covered mainly by the 
necessary gatemen, analysts, and foremen. At 
intervals all the material would have to be re- 
moved from the filters, washed and replaced. 

The approximate cost of building and operating 
a contract-filter plant with all needed appurte- 
nances of a capacity of about 180,000,000 gal. 
daily to serve 1,200,000 people may be estore’ 
as follows: 

EstiMatep Cost or Constructine Conract-Fitter PLANT 
AND APPURTENANCES. 
Intercepting sewers, pumpihg stations and ap- 
purtenances, including a daily capacity of 


349,000,000 gal. and raising mains.......... $3,300,000 
Septic tanks, 60,000,000 gal. capacity, covered, 


including ‘sludge disposal facilities.......... 950,000 
Contact filters, 300 acres, with all piping, ap- 

purtenances, office, laboratory, etc......... *.. 6,000,000 
Contingencies and supervision, 15 per cent..... $1,537.500 


DE ORGA as ge Nig Ae ye oi ROk- 6,0, 0, cae een, Tee nee ee $11,787,500 


Annual cost of operations. 


Pumping, fuel, labor and repairs............. $200,000 
Supervision. analytical and clerical assistants. 30,000 
Care of septic tanks, including sludge disposal 36,000 
Care Of contact ‘Alters 4. 232 vas ce cacao 260,000 
Supplies: “and: /miscellaniesiny.c.iawcs avin dinate hie 25,000 

RR ea ake yx. oh ednre val el Mg anges ony puso trys Oe $551,000 


Capitalizing the operating expenses at 5 per 
cent. per annum there is obtained $11,020,000, 
which when added to the estimated construction 
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cost makes a total sum of $22,807,500 for the 
contact-filter project. 

Sprinkling Filters——Sprinkling filters differ 
from contact filters principally in the method of 
application of sewage, which in our northern 
climates is discharged upon them in the form of 
spray from a series of fixed sprinkling nozzles 
placed: about 12 to 15 ft. apart. The filters are 
usually deeper and of somewhat coarser material 
than contact filters. 

These filters also are an English adaptation of 
the Lawrence investigations with gravel filters 
some fifteen years ago. The English studies be- 
gan at Salford in 1892 and have resulted in the 
adoption of this form of filter for many of the 
principal cities in England, the largest of which 
is the metropolitan district of Birmingham, with 
a population of over 900,000. Some of these 
filters have been in successful practical operation 
for more than eight years. On the Continent this 
method is being adopted for portions of the 
suburbs of Paris and Berlin. In this country this 
method has been studied with care at Lawrence, 
Mass.; Columbus, Ohio; Boston, Mass., and 
Waterbury, Conn. Filters of this type are now 
under construction at Columbus, Ohio, and Read- 
ing, Pa. They have been recently adopted for 
Baltimore, Md.; West Chester, Pa.; Washington, 
Pa., and Waterbury, Conn. They have been 
recommended for use also at Paterson, N. J. 

The important element of eration is secured 
in sprinkling filters partly by applying the liquid 
as a sprav. and partly through the use of coarse 
material with voids of a size so that there is a 
vertical circulation of air through the filtering 
material at all times. 

Suspended mineral and organic matters and 
some of the dissolved organic matters are re- 
tained upon the surface of the filtering material 
as the liquid passes in thin films over the sur- 
face of the particles. Bacterial activities reduce 
the organic matte: ‘*c a imaterial degree, and 
from time to time the remaining inert material 
cracks and peels and passes through the filter 
bed to the bottom. In order to be able to remove 
this accumulated matter, it is necessary to pro- 
vide false bottoms for these filters. Filters of 
this type have been in successful use for more 
than eight years without cleaning, and it is 
believed that under favorable conditions cleaning 
is not required oftener than once in ten or fifteen 
years. ; 

The amount of suspended matter in the effluent 
of sprinkling filters due to this unloading of 
stored material is sufficient to require passing 
the effluent through settling basins, holding about 
two hours’ flow, before discharging into the near- 
est water course. The settled effluent, of satis- 
factory appearance and with its organic matter 
so reduced that it will not putrefy, usually con- 
tains less than ro per cent. of the bacteria in the 
crude sewage. 5 

There is a considerable range in size of broken 
stone and in depth of material. as adopted in 
various large plants now built or building. Avoid- 
ing extremes, it may be stated that the depths 
average ‘about 7 feet, and! the size of material 
ranges from about 1 to 2% inches, mean diameter. 
We have assumed these figures for sprinkling 
filters for the Calumet area, to be built of broken 
stone at the sites already mentioned for contact 


filters, namely, west of Harvey, west of Ham- 


- mond, and between lakes Calumet and Wolf. 


We have carefully considered the climatic con- 


ditions at Chicago and compared them with tem- 


peratures where practical experiences with 
sprinkling filters have been obtained. ‘There is 
no trouble from the freezing of the sprinkler 
nozzles through which sewerage is applied under 
A head of 6 or 7 ft. During zero weather some 
frozen sewage accumulates on the surface of the 
filter and at such times it is necessary to have 


some reserve area. We have assumed that 


mm 


Vot. 55, No. 5. 


under these local conditions one acre of sprink- 
ling filters should be provided for every 15,000 
people connected with the sewers, making a rate 
ordinarily of about 2,250,000 gal. per acre per 
24 hours. As was demonstrated at Columbus, 
such rates for several weeks at a time may be 
doubled and still obtain a satisfactory nonpu- 
trescible effluent. This rate, expressed in per- 
sons served per acre-foot of sprinkling filter ma- 
terial, is only about one-half of that provided for 
at Columbus, Ohio, and one-third of that in sev- 
eral plants in England. 

. The approximate cost of building and operating 
a sprinkling filter plant with all needed appur- 
tenances, of a capacity of 180,000,000 gal. daily, 
to serve a population of 1,200,000 may be esti- 
mated as follows: 


Estimatep Cost oF CONSTRUCTING SPRINKLING FILTER 
PLANT AND APPURTENANCES. 


Intercepting sewers, pumping stations and appur- 

tenances, including a daily capacity of 340,- 

060,000. gal, end raising mains... 0 ¢ os selec $3,300,000 
Septic tanks, 60,000,000 gal. capacity, covered, 


including sludge- disposal PACUMMIES rayon es 950,000 
Sprinkling filters, 80 acres, with all appurten- 
ances, office, laboratory, 6tGe aabdgecsths SRS 3,600,000 
Settling basins. 15,000,000 gal. capacity........ 200,000 
Contingencies and supervision, 15 per cent..... 1,207,500 
otal jzcate sissunywan wyetessaa ye veren sat dante) oa $9,257,500 
Annual cost of operation. 
Pumping, fuel, labor and repairs............. $200,000 
Supervision, analytical and clerical assistants. 30,000 
Care of septic and settling tanks, including 
sludge disposal ....... ea cideesh operands 54,000 
Care of sprinkling? filters... -tiee alone che 110,000 
Supplies: “andsimiscellantes (1 s./-ye1cn ale uit el eesti 25,c00 
ae 

Dota. “2/8, cue civic ceases tela teats i teeunesp eens $419,000 


Capitalizing the operating expenses at 5 per 
cent. per annum, there is obtained $8,380,000, 
which when added to the estimated construction 
cost makes a total sum of $17,637,500 for the 
sprinkling filter project. 

Conclusion.—In recapitulating the substance of 
the foregoing inquiry and referring specifically 
to your instructions, summarized at the outset, 
we conclude as follows: 

I. The examination into the sanitary situation 
at Chicago, so far as it is affected by sewage 
disposal, revealed that since removing the sewage 
through the drainage canal the appearance of 
the water of the Chicago River has shown marked 
improvement. As regards the hygienic quality 
of the public water supply there has also been 
an improvement, due to the progressive elimina- 
tion of sewage from the lake, which elimination 
should be completed within a few years. 

2. The latest conclusions of sanitary engineers 
as to the amount of dilution which is required 
to make sewage inoffensive, are that a dilution 
of 3% cu. ft. per second for each 1,000 persons 
connected with the sewers, as provided for in 
the enactment of the Illinois legislature in 1880, 
is as low a figure as it is now possible to state. 

>We believe that with the elimination of objec- 

tionable trade wastes and the occasional dredg- 
ing of the river, this amount of dilution will be 
sufficient to prevent offensiveness. 

3. The extension of the dilution method to the 
outlying territory is not the only way to preserve 
the lives and health of the people of Chicago. 
The application of this method with flows of 
10,000 and 14,000 cu. ft. per second, respectively. 
for the area tributary to the present drainage 
canal will serve populations not exceeding 3,000,- 
000 and 4,200,000, respectively. For greater popu- 
lations, other methods of sewage disposal will be 
required. A 

4. For the Calumet area, as well as other 
districts, there are several methods for the dis- 
posal of sewage, as effective as the present meth- 
od of dilution in preventing the pollution of the 
lake waters. 

5. All of these methods involve intercepting 
sewers and pumping stations to collect and de- 
liver the sewage at suitable sites. Septic tanks 
are used for partially clarifying the sewage. 


* 
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which may then be applied to any one of three 
methods of filters, viz., intermittent sand filters, 
contact filters, and sprinkling filters. 

All of these filters, if well built and well man- 
aged, remove the suspended and organic matters 
so that the effluents are practically clear and are 
non-putrescible. The removal of bacteria by 
these three types of filters averages at least 08, 
80, and 90 per cent., respectively. Such effluents 
may be discharged directly into any of the water 
courses of the Calumet region. 

6. The approximate total costs, liberally esti- 
mated, without the preparation of detailed plans, 
for a population of 1,200,000, are as follows: 


Intermittent sand filters. 
cea ENG DUG TM IE ROT EY FN TL is aie disse o's» beta aia d $11,063,000 
Annual cost of operation, $866,000, capitalized 


Py MRC COMM atemen IA eke sales in sO ees es 5 we 173320,000 


$28.383,000 
Contact filters. 
COS en ee AR is 6 os Oe $11,787,500 
Annual cost of operation, $551,000, capitalized 


mo) PEL VCO anne. PPM Mar is ietet Tels aoe each a 11,020,000 


$22,807,500 
Sprinkling filters, ‘ 


Construction... kes (OBS ae See $9,257,500 

Annual cost of operation, $419,000, capital at 
RePeL OCG em aIMmE testes ese sr. oi 8,380,000 
$17,637,500 


The present population on the Calumet area of 
the sanitary district being less than 200,000 would 
naturally require but a portion of the cost of 
estimated works and of their operation to be ex- 
pended at the outset. . 

Of the available methods of disposing of the 
sewage of the Calumet area, other than by dilu- 
tion, the sprinkling filter method, being the cheap- 
est, both in cost of construction and of operation, 
and accomplishing an adequate degree of purifi- 
cation, is clearly the most advantageous one. 


The Disposal of Strawboard Waste. 


The disposal of strawboard waste by a new 
method without causing the pollution of streams 
is described in Water Supply Paper 189, re- 
cently issued by the United States Geological 
Survey. As a result of chemical investigations 
of waste matter in the laboratory and actual ex- 
periments at a strawboard mill, it has been found 
that if strawboard waste is filtered through sand 
at high rates an effluent can be obtained from 
which more than 90 per cent. of the suspended 
organic matter has been removed, and which 
may be discharged into a stream having a mini- 
mum flow of twice the discharge of the mill 
without producing a nuisance. The plan of treat- 
ment is, in brief, as follows: The waste water 
from the beaters is passed through a settling 
tank of such size that it will give a period of 
about one hour’s storage. The water is then 
passed directly to the filters, which should have 
an available loss of head of at least 12 ft. and a 
rate of 100,000 gal. per acre per day. The efflu- 
ent can be pumped and used again for washing 
the filter and for beater wash water, while the 
sludge from the sedimentation tank can be most 
expeditiously dealt with by filter pressing. There 
would remain a fairly dry and hard press cake, 


_-which, under the influence of the air and sun, is 


of the Metropolitan Steamship Co. 
_ fitted with Parsons turbines 


speedily resolved into mineral matter, forming a 
sort of soil. The cost of this process, after the 
initial expense of installation, is practically re- 
dreed to the cost of pumping the waste water, 
and is sufficiently low to admit of its adoption 
wherever stream pollution is serious. 


\ 


THe Seconp Tursine STEAMER built in this 
country, the Yale, was recently launched at Ches- 
ter, Pa. for the New York and Boston service 
She is to be 
and water tube 
boilers... 
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Temperatures for Testing Indirect Heating 


Systems. 


A paper read before the American Society of Heating 
and Ventilating Engineers by W. W. Macon. 


The object of this paper is to offer values of 
temperatures for use in testing indirect heating 
systems during periods when the zero weather 
conditions for which the system is designed are 
not existing. When a given indirect heating sys- 
tem is operated under thé conditions which are 
expected to obtain in zero weather at a tempera- 
ture out of doors that is something different 
from zero, a definite temperature within doors 
should be realized depending on the outdoor tem- 
perature. The need of figures of this description 
has been expressed from time to time as some- 
thing which will enable the contractor to assure 
the buyer of a system that the stipulations re- 
garding the maintenance of a specified tempera- 
ture in zero weather will be amply fulfilled. In 
other words it is stated that it should be pvussible 
to test a plant during relatively mild weather and 
from the results determine whether or not the 
plant has been properly designed, though the opin- 
ion is strong, in opposition to such a need, that 
acceptance of a heating plant should not be con- 
tingent on the results of a test, but should be in- 
dependent of any such question at all, the repu- 
tation of the engineer sufficing to guarantee satis- 
factory performance until actually proved other- 
wise. 

As a contribution to the Society’s literature on 
the subject, the present paper is suggested as sup- 
plementary to the first paper presented to the 
first meeting of the Society twelve years ago by 
Prof. J. H. Kinealy, entitled “Determining the 
Heating Power of Heating Systems,” and as sup- 
plementary also to the “Code for Testing Direct 
Radiation Heating Plants,” submitted by a com- 
mittee of which Prof. Kinealy was chairman, and 
printed in Vol. IX of the Society’s “Transactions.” 
Both Prof. Kinealy’s paper and the committee re- 
port treated solely of direct radiation, while the 
present discussion is designed to cover indirect 
radiation—steam as well as hot water and, though 
with some question, the furnace system of warm- 
ing. As an examination into the operation of 
indirect heating without reference to any appli- 
cation for testing work, the paper is submitted as 
continuing the subject treated in the Society’s 
initial paper. k 

The considerations involved in the temperature 
determination are in brief as follows: When the 
indirect radiator heating medium, as steam or hot 
water, is turned into the radiator and the radiator 
starts emitting heat, the air immediately sur- 
rounding it becomes warmed. The result is an 
expansion of the air with consequent relative 
rarefaction or diminution in density. The air 
outside being heavier per given volume and both 
inside and outside air being under atmospheric 
pressure, the weight of the outside air overbal- 
ances that inside and the warmed air is pushed 
upward. The covler air in the process of dis- 
placement then becomes warmed and the column 
of warm air becomes higher, so that the force, 
though actually small as compared with other 
forces encountered in engineering, becomes great- 
er, resulting in successively higher velocities. 
When the flue from the radiator becomes filled 
with warm air, the tendency for the speed to 
keep on increasing will be finally checked by the 
fact that the increases in speed result themselves 
in a lowering of the temperature and thus in 
turn in a lowering of speed. As the air passes 
over the indirect heating surface the temperature 
which it attains is dependent on the speed, the 
higher the speed the less the final temperature 
(though the amount of heat absorbed increases). 
The air thus assumes a definite temperature which 
in connection with the outside temperature re- 
sults in a definite velocity of flow, and this in 
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‘turn results in the passage over the radiator in 


a given time of a definite quantity of air, and it 
is this quantity of air which the radiator is 
able to heat to the temperature in question. In 
short an equilibrium among velocity, heat emit- 
ting capacity and outside and flue temperatures 
becomes established. 

The first stage in the calculations required the 
determination of this flue temperature and had 
to take into account the varying amounts of heat 
that an indirect radiator will give off according 
to the speed of the air over it and the varying 
capacity for heat of a given volume of air de- 
pending on its density or weight per cubic foot. 

The second stage of the calculations comprised 
the determination of the temperature a room 
would attain for a given outside temperature 
with the apparatus operated as though zero 
weather were at hand, use being made of the 
value of the flue temperature calculated in the 
first stage. The flue temperature in question will 
bring about the delivery into the building of a 
definite amount of air, which heated from the 
outside temperature to the flue temperature means 
the delivery of a definite amount of heat in a 
given time. Before the amount of air involved 
in the particular case has succeeded in escap- 
ing from the building after delivery to the rooms, 
the temperature of the air is decreased trom the 
flue temperature to a temperature within the 
rooms that is the temperature sought in the 
second stage of the calculations. In cooling from 
the flue temperature to this room temperature 
the air loses a definite amount of heat which is 
the amount that the exposed walls and windows 
of the rooms can carry away under the tem- 
perature difference between the inside air and the 
outside air. 

Results —Before explaining the operations in- 
volved in the calculations of both the first stage 
and the second stage, reference may be made to 
the results and to their application. Six different 
conditions of the indirect radiator were first con- 
sidered in solving for the values of the different 
temperatures, three for steam indirect radiators 
and three for hot water indirect radiators. In 
the case of the steam radiators, the use in the 
radiator in zero weather of steam at 5 lb. above 
the atmosphere was considered and steam at 
about 2 lb. above the atmosphere and at atmos- 
pheric pressure, in other words the use of steam 
at 227°, 218° and 212° respectively. In the case 
of the hot water radiators three temperatures of 
water were selected, 200°, 180° and 160°. 

For each temperature of the heating medium, 
that is, for the range of six temperatures from 
227° to 160°, a figure was adopted for the prob- 
able temperature which the air in the flue would 
assume in zero weather. For example, with 
steam at 227°, three flue temperatures, 150°, 130° 
and 110° respectively, were employed in the ex- 
amination, and in the case of water at 160°, two 
flue temperatures, 110° and go°. This is in a 
measure assuming that the engineer designs an 
indirect system in part on the basis of a definite 
flue temperature, knowing that with certain radia- 
tion assembled together with a certain propor- 
tion of open or free spaces for the passage of the 
air, the depth of the radiator in connection with 
the temperature of the steam or hot water will 
heat air admitted at zero to the accepted flue 
temperature. In each case calculations were 
made to ascertain the flue temperature when the 
air outside was at 20°, at 40° and at 60°, and 
finally to ascertain the corresponding room tem- 
peratures. The results are shown in the accom- 
panying set of charts. These show the relation 
between outside temperature and inside tempera- 
ture, three for indirect steam radiation and three 
for indirect hot water radiators. 

[Fig. 1 is for indirect hot water radiation with 
water at 200°, Fig. 2 for indirect steam radiation 
with steam at 2-lb. pressure, Fig. 3 for indirect 
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hot-water radiation with water at 160°, Fig. 4 
for indirect steam radiation with steam at 5 lb. 
pressure, Fig. 5 for indirect hot-water radiation 
with water at 180°, Fig. 6 for indirect steam 
radiation with steam at atmospheric pressure— 
Editor. ] 

The use of the charts will be something as fol- 
lows: If it is assumed that a system has been 
designed to warm satisfactorily with steam at 
2 |b. pressure with a flue temperature in zero 
weather of 120°, and the test is made when the 

_ temperature outdoors averages 25°, reference is 
made to the chart for the steam radiator work- 
ing with steam at 2 lb. pressure. Running ver- 
tically on the line above 25 one will find a point 
about half way between the two lines marked 
110 and 130, and then reading horizontally will 
find that the temperature in the room should 
average between 86° and 87° if the apparatus 
can be trusted to work rightly in zero weather. 

If one had planned to employ a temperature of 
steam or hot water in the indirect radiator in 
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Diagrams Showing the Relations between Outdoor and Indoor Temperatures with Indirect Heating Systems. 


zero weather different from any given in the 
charts, one could find the room temperature for 
a radiator temperature both above and below 
that in mind, choosing the value of the room 
temperature,from the two values obtained. Take 
the case of a hot water radiator designed for. 
water at say 205° and a flue temperature of 120° 
to be tested at 20°. For a hot water radiator at 
200° and for 120° flue. temperature, the room 
would be at 82.5°. Reference can then be made 
to the chart for the 212° steam radiator, when 
the room temperature will be found for the same 
zero weather condition to be 83.5°. Th probable 
temperature is thus about 83°. 


In this connection it must be noted that there 


is exhibited an apparent refinement of the tem- 
perature values. When the variation in methods 
of taking temperatures in the actual case is re- 
membered as well as the variation in the records 
of the temperature, any necessity to interpolate 
in the manner explained seems rightly question- 
able. The only inference is that a close approxi- 
mation to the temperatures should be realized, as 
the values for any one basis of design are close 
to those for any other basis of design, and if 
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the temperature chartered cannot be reached in 
the test, there is question about its satisfactory 
capacity. This paper of course, does not aspire 
to the scope of a code and no opinions regard- 
ing temperature measurement are vouchsafed. 

In the foregoing it is assumed as stated that 
the system is designed on the basis of having 
the indirect radiator in zero weather at a certain 
temperature and obtaining the heated air at a 
certain temperature. If such a practice is not 
followed, it can be assumed that the engineer 
knows from experience with other of his systems 
that with a definite steam pressure or water tem- 
perature the air is usually delivered at a certain 
temperature. Though he may lay out a system 
without reference to the flue temperature a knowl- 
edge of its ordinary value assists in determining a 
proper test temperature. 

Design. of Indirect Systems—An interesting 
point brought out by the charts is the high room 
temperatures that result in moderate weather 
with apparatus designed to give low flue tem- 
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peratures in zero weather. “For example, as not- 
ed on the chart for the hot water radiator at 180°, 
higher room temperatures are indicated if the 
air is heated to 110° in zero weather than if it 
is heated to 130°. This means that when a sys- 
tem is designed to heat a specific building with 
110° flue temperature as against one with 130° 
flue temperature a greater. volume of air must be 
supplied in order to do the work, as the range of 
temperature that the air can be covled to 70° in 
zero weather is less in the case of 110° than in 
the case of 130°. In other words ventilation is se- 
cured in a greater ratio with a flue temperature 
at Ir0° than with the flue temperature at 130°, 
and greater ventilation means the escape of a 
greater amount of air, all of which has been 
heated from zero to 70°. This is repeating what 
has already been said, that a given indirect radia- 
tor that heats the air to 110° as against 130° is 
having the air passed over it at a higher rate of 
speed and is giving up a greater amount of heat 
per unit of surface than when the temperature of 
130° is obtained. While the increase in tempera- 
ture is not so great the volume of air is that 
much greater, so that the total amount of heat, 
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o 
as represented by the weight of air multiplied by 
the range of temperature, is greater than that 
with the less amount of air heated through the 
greater range of temperature. 

This relates to a matter of indirect radiation 
that is perhaps altogether too little understood, 
and that is the desirability of designing such sys- 
tems on the basis of flue temperatures. It is com- 
monly assumed that because one flue goes to the 
third story and another goes to the first the ve- 
locity in the higher flue, being greater, will bring 
about a greater amount of heat transmission from 
the indirect radiator. If the radiator, however, 
is of proper depth it will be able to raise the air 
in zero weather to say 150° without regard to the 
height of the flue. The amount of air to heat the 
given room when delivered into the room at 150° 
determines the amount of heat required and 
therefore determines the size of the indirect radi- 
ator. Increasing the size of the radiator simply 
increases also in proportion the free area of cross 
section for the air passage so .that the actual 
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velocity of the air over the radiator is not in- 
ss a 
creased, but is kept constant. 


The fact that the 
velocity is greater the higher the flue simply 
makes it possible to reduce the area of that flue 
according to the height of the flue and accord- 
ing to the amount of air that the flue must de- 
liver. The value of designing on this basis was 
recently explained at length in “The Metal Work- 
er,” by Mr. E. T. Child, in an article which gave 
charts and tables to show how to determine the 
sizes of radiation and flues for indirect heating 
with both steam and hot water. Mention is made 
at this length because of the widely varying and 
empirical methods of laying out indirect radia- 
tion, which methods are all right so far as ordi- 
nary or average systems go, but which are apt © 
to fail when the unusual plant is to be designed. 
It is probable that the methods advocated by Mr. 
Child are those in use amoung some heating engi- 
neers, but they have seen fit to keep the informa- 
tion largely to themselves or have never been 
asked for it. 

Rule for Finding the Temperatures—A rule 
instead of the charts can be used for finding the 
room temperatures and is as follows: 
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_ corresponding is 70 + 0.605 X 27 = 86.3°. 
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Multiply the outside temperature in degrees 
Fahrenheit by a factor given in the following list 
and add 70 to the product, when the sum will 
give the room temperature which should be 
reached by the system. The factors are given for 
different temperatures in the indirect radiator 
and for different temperatures in the flue on the 
zero weather basis: 


For steam at 5 Ib: Factor, 
Flue in zero weather BE CORONGEE... Sciaicacnn's 0.63 
\ “opi Saas oes 0.66 
sf i tr SA a) LOR eT eC 0.69 
For steam at 2 lb.: 
Flue in zero weather at 150 deg.......... 0.63 
y rf os Ta OW cies Lisahiaret 0.65 
3 es & ae Sem cracs esis 0.68 
¢ ss s Cr eae 0.72 
For steam at atmospheric ievsuye: 
Flue in zero weather at 130 deg MER) CusAzeOere 0.65 
a OME Neig cis: oispe) 6 ors 0.67 
$s Le ay OUEONL faisinte ckcts.cihs 0.71 
For water at 200 degrees: 
Flue in zero weather tT SOMACE 6 ioheuis16/00< 0.61 
EG i ODE Toe 0.66 
* “ Me sicleava, cies 0.70 
For water at 180 degrees: 
Flue in zero weather Ap SKAONOCLS gs css 0c 0.58 
NOM eM at te scrensoase: 68 0.61 
ae os a Bie Soe tte bile 0.66 
For water at 160 degrees: 
Flue in zero weather APT VOAGOR sso ss «cia: 0.56 
Cre) | a Oe 0.62 


For an example, suppose it is desired to know 
the temperature of the room if the system has 
been designed to operate in zero weather at a 
water temperature of 190° and under these con- 
ditions the flue temperature is found to average 
125°. For water at 200°, the factors are 0.61 
and 0.66 for 130° and 110° flue temperature re- 
spectively, so that for 125° flue temperature 
the probable factor is about 0.62. For water 
at 180°, the corresponding factors are 0.58 and 
0.61, so that for 125° flue temperature the factor 
is about 0.59. For water at 190° the factor is 
the mean of 0.62 and 0.59, or about 0.605. If the 
outside temperature is 27° the inside temperature 
The 
same result can be obtained quicker by use of 
the charts. 


How 'the Figures Were Obtained.—In the cal- 
culations by which the temperature values were 
determined the following symbols have been em- 
ployed: 

U = Btt.u. per square foot of indirect radiator 
per hour per degree difference betwen the tem- 
perature inside and outside the radiator, for the 
velocity which obtains in zero weather. 

r = ratio or coefficient to take into account the 
variation of the value of U for different velocities, 
so that 

rU = B.t.u. per square foot per hour per de- 
gree difference of temperature fur a given ve- 
locity. 

R = the number of square feet of radiation. 

H = the B.t.u. per square foot of radiation per 
hour. 

RH = the total amount of heat given off by 
the indirect radiator. 

v = the velocity of the air in the flue in feet 
per minute, 

F = the area of the flue in square feet. 

f = the friction factor by which the theoretical 
velocity is multiplied to get the actual, which is 
thus fv. 

Q = the volume of air per hour in cubic feet. 

w = the weight of the air at the temperature 
of the air outdoors multiplied by the specific heat 
of air. 

t = the outhide temperature (degrees Fahren- 
heit). 

T = the temperature of the air in the flue. 

T* = the temperature of the steam or hot water 


“in the radiator, as the case may be. 


h = height of the heated flue in feet. 

As the amount of heat that a radiator will 
give off per degree difference must be multiplied 
by the difference between the temperature of the 
radiator and the mean temperature of the air 
passing over it, 
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T+t 
H=rTuU (- ) 
2 


and the total heat given off is as follows: 


RH=RrU | — 


| ay 


2 
The heat given off by indirect radiator is util- 
ized in warming Q cubic feet of air through tem- 
perature range of T — t, so that 
RH=wQ(T—t). 
As Q is equal to vF, and as the velocity in the 
flue is 


h (T —t) 


460+t 
the total heat absorbed by the air is as follows: 


oe 


h (T —t) 
RH = wf F (T—+) — (2) 
460++¢ 
The total heat given off by the radiator is taken 
up by the air passing over it, so that equating the 
two expressions (1) and (2) the following equa- 
tion is obtained: 


Rrvu h (T —t) 


a iD) Wie Rife dT =e) J 
460-+¢ 


For the conditions which obtain at zero the equa- 
tion is naturally similar, and is as follows: 


2 


U wiarlae, 
[2T*—(T9+to)]= wf F (To— to) 
460+ fo 


2 


If the corresponding terms of the first equation 


are divided by the second, the equation takes 


the form of 


ry (2T°—(T+42)] 
2T1—(To+to) 


w (T —t) (a) (460 + to) 


(To — to) (460 + t) 


Wo (To — to) 


It will be seen that if it is assumed that the 
heat from an indirect radiator is not all taken 
up by the air, but that a loss of say 5 per cent. 
is occasioned through radiation into the cellar, 
and so on, any factor allowing for this loss 
would be eliminated in the division so far as 
the last equation is concerned. It. will be seen 
also that the same coefficient for the loss of veloc- 
ity by friction is employed in the zero weather 
conditions as in the other conditions. It can be 
shown that the loss by friction is a constant or 
at least a practically constant factor of the theo- 
retical velocity. 
The last equation takes the following form: 


Taio Geta ar eC. (47 — at) = 
CG [ECE ao) eae ends, (3) 


in which C is equal to (460 + t) ~ A, in which 
A is equal to the following expression: 


2T+— (To + t) * w = + to 


To — to Wo 


To — fo 


It is from equation (3) that the values of the 
flue temperatures were obtained. It will be noted 
that expression A contains the factor r and the 
factor w + w. Assuming both of these factors 
equal to unity, trial values of the flue tempera- 
ture were obtained, and from these the probable 
relative velocities ascertained. From a record of 
tests of the effect of velocities on indirect radia- 
tion, as given in Prof. R. C. Carpenter’s book on 
“Heating and Ventilating Buildings,” an approxi- 
mate value of r was obtained in terms of the 
outside temperature as follows: 


r = I — 0.0015 ¢. 


In a similar way from tables giving the weight 
of air at different temperatures, the values of 
the ratio w + wo were obtained, and this ratio, 
subsequently designated simply as w, was ob- 
tained also in terms of the outside temperature 
as follows: 

w= I— o.oor f, 
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In the short time in which it was necessary to 
make the calculations of this paper the values 
of these ratios were employed for all cases, al- 
though, to be more strictly accurate, it would 
have been desirable to modify them slightly for 
the hot water radiation. The ultimate results 
would probably not be changed more than one 
or two degrees with 60° temperature outdoors 
and of course much less at the outside tempera- 
tures present in any test. 

The procedure in determining the temperatures 
was in brief as follows: For a given temperature 
of the heating medium, 7’, and for the given tem- 
perature of the flue temperature at zero, T, the 
value of A was first determined for the three tem- 
peratures of 20°, 40° and 60°. 

This and the rest of the work was done largely 
with the use of the slide rule. The hair line was 
placed opposite the value of A on the lower scale 
and the reading on the upper scale gives its 
square. Dividing this by means of the slide by 
460 + t, which is 520, 500 and 480 in the three 
cases, a number is obtained which it is easy to 
take the reciprocal of on the slide rule, the re- 
ciprocal being the value of C. In substituting 
the value of C in equation (3) the equations not- 
ed on the calculation sheet are obtained. This 
gives an equation of one variable of the third 
degree, which expression, however, is not a per- 
fect cube. It was therefore solved by a try 
method. A little practice would enable a close 
approximation to the probable value of T, and 
with the slide rule the value of the equation with 
this assumed value was easily obtained. If the 
first member of the equation with this assumed 
value gave a total which was greater than the sec- 
ond member of the equation, a value less than 
that first selected was taken and the first member 
again evaluated. Assuming that this showed a 
total somewhat less than the second member, 
by interpolation it was impossible to determine 
the value of T with one decimal point. 

The determination of the value of inside tem- 
perature was in part as follows, with the use of 
the additional symbols: 

t; = the temperature of the room air. 

E = the equivalent glass surface, or better, the 
amount of heat that the walls and windows to- 
gether will transmit for one degree difference in 
temperature between the room air and the air 
outside. Then the loss of heat by the air ad- 
mitted into the rooms is 


wQ (T — #). 


This is equal to the loss of heat transinitted by 
the walls and windows, which loss is as follows: _ 


ENG? <b, 
then 
wQ (T—?t}) = E(f#—t). 


At zero degrees the equation is 


woQo (To — 70) = E (70 — 0). 


Dividing the members of the first equation by 
corresponding members of the second equation 
and simplifying the equation takes the form of 


‘w T—t 460 +k T— Ff fi— ¢t 
Wo To — to 460 +t T)— 70 x 70 
In this let 


a aa —t 460 + to 

cava yo 

To — ar 460 + ¢ 

so that the equation, solving for the room tem- 
perature, can take the form of 


7o (DT —t) + Tot 


A= ( 
To + 7o (D — 1) # 


The procedure in this case is the determination 
of D and simple substitution in equation (4). 
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Book Notes. 


Engineers in charge of electrical plant will 
doubtless be glad to know that a new edition of 
the “Management of Electrical Machinery,” by 
Prof, Francis B. Crocker and Dr. Schuyler S. 
Wheeler has been brought out. Since the book 
first appeared in 1892 it has been revised and cor- 
rected from time to time, but recent marked 
changes in electrical apparatus made a complete 
recasting necessary, in order that obsolete mat- 
ter might be eliminated and new equipment prop- 
erly noticed. There is still a large amount of 
old machinery in use, mainly under the charge of 
men to whom such a manual is particularly use- 
ful, and consequently the authors and their as- 
sistant, Mr. Morton Arendt, have wisely retained 
the suggestions in previous editions referring to 
such machines. A large amount of information 
regarding railway motors and alternating current 
generators and motors has been added, thus main- 
taining the positiun of the manual among the 
standard books on electrical subjects. The text 
is in four parts, the first on the selection and man- 
agement of generators and motors, the second on 
their inspection and testing, the third on the local- 
ization and remedy of troubles, and the fourth on 
constant-current generators. (New York, D. Van 
Nostrand Co., $1.) 


A book that should prove useful to young me- 
‘chanical engineers desirous of securing a general 
knowledge of a part of shop work on which very 
little information has been published except in 
trade papers, is Mr. Joseph Horner’s “Tools for 
Machinists and Woodworkers.” It is a volume 
of 340 well-illustrated pages, written by an ex- 
verienced mechanic in a very clear and concise 
manner. In the first two chapters there is'a gen- 
eral description of tools and an explanation of 
the reasons for the angles adopted for cutting 
tools for different materials. The first group of 


tools taken up in detail are chisels and planes;. 


and the second are scrapers. Saws, files, milling 
cutters, boring tools for wood and metal, and ‘taps 
and dies are then described, and the following sec- 
tion of the book is on hardening, tempering, grind- 
ing and sharpening. The last section is an im- 
portant description of tools for measurement and 
testing. ‘The text not only describes the tools, but 
also explains enough of their uses so that the 
reader will gain a fair knowledge of several feat- 
ures of shop work in both wood and metal. Brit- 
ish tools are mainly used for illustrating the text, 
but American tools are by no means neglected, 
and some of the most interesting parts of the 
book relate to American work where great accu- 
racy has been necessary. (New York, Norman 
W. Henley Publishing Co., $3.50.) 


One of the most interesting examples of refuse 
disposal in this country is the plant near the Man- 
hattan end of the Williamsburg bridge where a 
considerable part of the rubbish of the Borough 
of Manhattan is burned as fuel for the boiler 
plant of an electric light station. The original 
equipment of this station was designed by Mr. 
H. de B. Parsons, who has summarized in his 
“Disposal of Municipal Refuse” the data accumu- 
lated during his study of this problem. The first 
portion of the book describes the detailed charac- 
ter and quantity of refuse in several large cities, 
and is particularly instructive as showing the 
great variation that exists; this emphasizes the 
truth of the statement often made that refuse 
disposal can only be satisfactorily conducted when 
the methods are based on a careful study of the 
local conditions of each case. The various meth- 
ods of collecting refuse are explained in one of 
the most interesting chapters in the book, which 
describes among other systems that conducted 
over the tracks of the Brooklyn Rapid Transit 
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Ry. The lifferent ways vf disposing of garbage 
street sweepings and refuse are briefly stated so 
as to afford some idea of their comparative fields 
of usefulness, and the reduction and incineration 
processes of disposal are then compared in more 
detail. 
next discussed and some figures are given of the 
steaming value of refuse under boilers. Snow 
removal is described briefly, and the book con- 
cludes with descriptions of several refuse destruc- 
tors. It is profusely illustrated, and gives infor- 
mation which will be valuable to municipal off- 
cers who are struggling with refuse disposal prob- 
lems. (New York, John Wiley & Sons, $2.00.) 


The enormous output of technical papers by 
engineering societies and private publishers makes 
it entirely impracticable for anybody who values 
his time above a laborer’s wages to read more 
than an insignificant proportion of everything 
that appears in print. The tendency of the times 
is strongly toward the publication of journals 
which are essentially technical newspapers, re- 
flecting promptly the progress in their respective 
fields, and of the elaborate professional papers 
of technical societies, which bear the same rela- 
tion to the theory of technology that the journals 
do to its practice. It is very necessary, however, 
for the engineer whose work calls for an acquaint- 
ance with the wide field of general engineering 
progress to have some sort of an index of cur- 
rent engineering publications, a necessity that is 
admirably filled by “The Engineering Index,” of 
which the fourth volume, covering the five year 
period of 1901-1905, has just appeared. This in- 
dex was started about 23 years ago by the late 
Prof. J. B. Johnson, by the Association of Engi- 
neering Societies, and was published by that or- 
ganization until 1895, when it was turned over to 
the present publishers. It has had the benefit of 
the criticism of engineers during all this time, 
both with respect to both classification and jour- 
nals reviewed. The volumes previously published 
are in constant use in the office of The Engineer- 
ing Record, and the new one, a book of 1,234 
octavo pages of fine print, has long been desired 
to bring the information in the older numbers 
down to date. It is a book that every reference 
labrary in the country will find useful. (New 
York, The Engineering Magazine, $7.50.) 


There are few subjects which merit more care- 
ful attention at the present time than the public 
control of undertakings for any kind of service 
for etitire communities. Toll roads have very large- 
ly disappeared, there are very few private sewer- 
age systems for entire cities and water-works are 
generally owned by municipalities. Gas plants 
are not often owned by cities but such ownership 
of electric lighting plants is more common. Rail- 
ways, both street and steam, are almost exclu- 
sively the property of private companies. It is 
apparent, therefore, that municipal ownership is 
in no sense an experiment in this country, but 
simply its extension to,,certain lines of public 
service, in which the first charges and operating 
expenses are very large. The great extension of 
private ownership in this country has been due to 
several factors; the comparatively low value of 
taxable property, the need of money for a great 
variety of public purposes, and the general lack 
of confidence in the ability and uprightness of 
the average public official Accordingly fran- 
chises have been given for public-service under- 
takings, but these often were not drawn so as to 
safeguard public interests, and the owners of 
them have been able in consequence to pay divi- 
dends on a capitalization many times larger than 
the sums actually invested in equipment and de- 
velopment uf business. Had the owners of these 
franchises shown any disposition to treat the pub- 
lic any better than was necessary to retain their 
business, it is not likely that the present very 
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The economies which are possible are - 
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general movement toward municipal ownership 
would have attained its’ great strength. There 
can be no question that the inability of the aver- 
age officer of a public service corporation to rec- 
ognize the fact that he is primarily a public ser- 
vant and only secondarily a private individual is 
responsible for a movement that finds its expres- 
sion in the forcing of three-cent fares on street 
railways and attacks on the legality of the man- 
aging principles of some of the greatest railroads 
in the country. On the other hand, public con- 
trol of water, light and railway properties has 
been very unfortunate in many European places. 
Its failure has contributed largely to the over- 
throw of the Socialistic party in the recent Ger- 
man elections and its great and costly mistakes 
in Great Britain have been reflected in recent elec- 
tions there. These troubles are narrated by Mr. 
Robert P. Porter in “The Dangers of Municipal 
Ownership,” which also contains his deductions 
from this foreign experience. Nobody can ques- 
tion his fitness for this task, although the book 
has the ex parte character of a legal brief. His 
specialty is statistical work, as was proved by 
the excellence of the eleventh national census 
made under his direction. This ability in mar- 
shalling figures is shown in his demonstration of 
the approaching bankruptcy of communities where 
municipal ownership has run riot; this condition 
is now recognized in those places and frantic 
efforts are being made to avoid its consequences. 
The book, as a whole, is an excellent presenta- 
tion of one side of the case; some portions of it 
are very convincing, while others are strained and 
specious. This is only natural, for the logical 
solution of the control of public service utilities 
is neither public nor private ownership, but such 
a blending of them as best suits individual local 
conditions, coupled with carefully regulated fran- 
chise provisions. The Enginering Record has 
long believed that the finest examples of skilful 
and equitable handling of this complex subject 
will be found in the history of the New York 
Rapid Transit Railroad Commission and the Bos- 
ton Rapid Transit Commission. Both these com- 
missions have extended municipal credit to back 
privately used trackage facilities under regula- 
tions that safeguard the public against inefficient 
management and stock watering. (New York. 
The Century Co.) os - 


Letters to the Editor. 


THE COLLAPSE OF THE KopAK BUILDING. 


Sir: We have read the article in your issue of 
Jan. 5 on “The Collapse of a Concrete Building 
near Rochester, N. Y.,” and note particularly that 
you say that “The importance of secrecy was con- 
sidered so great by the owners, however, that a 
thorough office design was impracticable, and the 
details were altered for or by the owners’ repre- 
sentatives on the spot. This not only prevented 
any careful planning of the construction methods 
in advance of the actual work, but also made it 
necessary to make many changes after operations 
were begun.” “—but it is evident that the con- 
stant changes in detail plans and construction 
methods as the work progressed, made necessary 
to. satisfy the requirements of the carefully guard- 
ed secrets of the owners, made the men luse all 
interest in the work’ owing to the impossibility of 
conducting it in a business-like manner. It is not 
surprising, therefore, although deplorable, that 
one of the structures collapsed on Nov. 21, kill- 
ing four men.” “It would probably be found in 
this case that the prime source of trouble was the 
continual puttering with the details of design in 
order to make them conform with the various se- 
cret requirements of the owners’ manufacturing 
processes.” 

It was with great surprise that we read these 
comments. We judge that these remarks that 
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we have quoted were made either at the instance 
of the contractor or because of information re- 
ceived from Mr. John Y. McClintock, Engineer 
of Monroe County. We are greatly surprised 
that a journal of the standing of The Engineering 
Record would make such strong statements as 
these unless it knew absolutely that the facts 
were correct. We state most emphatically that 
the designers of Building No. 3c, part of which 
collapsed, were furnished with all the informa- 
tion which they asked for for the proper design 
of the structure, and further, that we put no ob- 
stacle in their way to properly complete the de- 
sign or maintained any attitude of secrecy which 
would tend to confuse them. In fact, we believe 
that they were furnished with drawings and 
specifications quite as complete for the purpose 
of designing the building as they would get from 
an architect who had had no experience in the 
design or erection of reinforcéd concrete build- 
ings. The only reason the designers came to 
Rochester to work on the drawings was to avoid 
the delays which always occur when matters of 
this kind have to be taken up by correspondence. 
We believe that the conclusions set forth in 
your article, which are based on the report of 
Mr. McClintock, are not correct as to the cause 
of the collapse. In wrder to satisfy ourselves as 
to the strength of the design and the safety of 
the construction used in this building, we em- 
ployed Mr. Edwin Thacher, of New York City, 
and Mr. C. W. Marx, of Cincinnati, to investi- 
gate the matter. We enclose copy of their re- 
port, and also copy of the report of a test 
which was made under instructions from Mr. 
Marx and Mr. Thacher by two of our mechani- 
cal engineers, Messrs. F. A. Cole and John F. 
Ancona. The report of the experts confirmed us 
in our impression that the collapse of the build- 


-ing was not caused by any defect in design, mate- 


rial or workmanship, but was due solely to the 


Test Load on Part of Mezzanine Floor, 


removal of the centering before the concrete had 
sufficiently hardened. In your article you quoted 
the result of Mr. McClintock’s computation show- 
ing a dead load of 950 Ib. per square inch in col- 
It will be apparent to you that there is 
a wide difference between this load and the load 
found by Messrs. Thacher and Marx. The dis- 
crepancy is wholly due to Mr. McClintock’s as- 
sumption that there is an eccentric load on col- 
umn 47. As you will note, the expert engineers 
declared that there was no eccentric load on this 
column and we have yet to confer with any engi- 
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neer who has any different Upinion to express. 
Yours truly, 
EastMAN Kopaxk Co. 
RocHEsTER, Jan. 26. 


Report by Messrs. Thacher and Marx.—As per 


your request, we have examined the concrete- 


steel-tile construction in your emulsion building, 
especially that portion tributary to column 47, 
and beg leave to make the following report as 
to the cause of the collapse: 

We are fully convinced that the primary cause 


Kodak Building. 


of the failure was due to the fact that the sup- 
ports under girders and floor construction were 
removed too soon for that season of the year, 
your records showing that the concrete was only 
about three weeks old. The concrete throughout 
is of good quality, but was too green (i. e., not 
sufficiently hard) to enable the respective mem- 
bers to even carry their respective dead loads 
with safety. Had the forms around the columns 
and sides of the large beams been first removed 
and the supports under girders and floor construc- 
tion left undisturbed for a period of at least 
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four weeks longer, it is our opinion that you 
would not have experienced the slightest trouble. 

We do not find that any abnormal or eccen- 
tric loading exists. 

The girders tributary to column 47 were con- 
structed and executed with ample factor of safety. 
We find that the dead load of roof construction 
coming on column equals 45,000 Ib.; and the dead 
load from mezzanine floor construction 
16,300 lb., making the total dead load of roof and 
mezzanine floor construction (together with the 
weight of column) on column 47 equal to 61,300 


was 


Portion of Kodak Building. 


lb. The live load from roof was 29,700 lb., and 
the live load from mezzanine floor was 16,000 Ib., 
making the total live load on column 47 45,700 Ib. 
The combined dead and live load on column 47 
was 107,000 lb. The cross-sectional area of col- 
umn 47 equals 144 sq. in., the steel area equals 
2.24 sq. in. and the net concrete area equals 
141.76 sq. in. Fifteen times steel area is 33.6 
sq. in., so that the total effective area, reduce 
to concrete, equals 141.76 + 33.6, or 175.36 sq. in. 

The unit dead load stress on column 47 equals 
61,000 lb., divided by 175, equals 350 lb. per 
eq. in. 

The unit dead and live load stress on column 
47 equals 107,000 lb., divided by .175, equals 612° 
lb. per square inch. 

It is customary to reduce the live load as it 
comes on to the girder and column for the rea- 
son that owing to the necessity of passageways 
only 80 per cent. of the floor can be loaded; there- 
fore using 80 per cent. of the live load on mez- 
zanine floor, the total unit stress per square inch 
of column 47 equals 103,800 divided by 175, equals 
5094 lb. per square inch. 

In our calculations we used an ultimate com- 
pressive stress on concrete (mixed as in your 
building) of 3,000 lb. per square inch. Using a 
factor safety of four will give 750 lb. per square 
inch as a safe working stress. On steel as used . 
in your building we allowed an ultimate tensile 
stress of 64,000 lb. per square inch, which; with 
a factor safety of 4, will admit of a safe working 
stress of 16,000 lb. per square inch. 

We further submit the following detailed report 
of actual test conducted on column 42, construct- 
ed the same as was column 47. [The report 
here refers to diagrams which it is unnecessary 
to reproduce.| The area loaded is 4o * 31 ft., 
equals 1,240 sq. ft.; the total weight of tile [used 
for loading] on this area uniformly distributed 
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equals 80,000 lb. The weight per square feet of 
loaded area equals 80,000 lb. divided by. 1,240, 
equals 64.5 lb. The additional central load placed 
directly over column occupied a space 10 x 10 
ft., and weighed 21,200 lb. The total dead load 
of roof supported by column 43 equals 41,250 Ib., 
the total live load of roof supported by column 
43 equals 42,980 lb., the total dead and live load 
of roof supported by column 43 equals 84,230 Ib. 

The mezzanine floor was loaded with tile hav- 
ing a total weight per square foot of 122.75 lb.; 
allowing 5 per cent. for unloaded areas will give 
a uniform load of 122.75 lb., divided by 105 equals 
117 lb. per square foot. 

The area of mezzanine floor supported by col- 
umn 43 is 163 sq. ft. The mezzanine floor live 
load equals 163 X 117, equals 19,100 .lb.; the mez- 
zanine floor dead load equals 163 x. 83, equals 
13,500 lb.; girders A and.C weigh 1,905 lb.; col- 
umn 43, mezzanine fluor to floor below, équals 
1,220 lb.; total dead and live load from mezza- 
nine floor transmitted to column 43, equals 35,725 
Ib.; total dead and live load from roof transmitted 
to column 43, equals 84,230 lb.; the combined dead 
and live loads from roof and mezzanine floor 
transmitted to column 43 equals 119,955 lb. The 
estimated combined dead and live loads from mez- 
zanine floor and roof transmitted to column 47, 
equals 107,000 lb.; 119,955 -- 107,000 equals 112 
per cent., or test load was 12 per cent. greater 
than load for which column was designed. This 
gives a unit stress per square inch of 687 lb. 

As before stated it was found necessary to in- 
crease the unit live loads; this gave a unit load 
on roof of 64.5 lb., or 14.5 + 50 equals-29 per 
cent. more than specified. The live load on mez- 
zanine floor was 117 lb. per square foot, or 17 
per cent. more than specified. The deflection un- 
der mezzanine floor load with 117 lb. per square 
foot was 3/16 inch. The deflection of roof was 
3/32 in. in the middle of 21 ft. and 19 ft. spans. 
_These deflections are very small considering the 
loads. 

Test of Roof Slab by Messrs. Cole and Ancona. 
—A section of the roof between columns 45 and 
43 and-51 and 53, held up. by roof beams H and 
H-1, was tested as follows: 

In a perfect section a portion consisting of three 
joints and two tile were isolated by breaking out 
the tile and concrete next to the two outside 
joists. Cinder filling and cement finish were re- 
moved, 4x8-in. props and ledgers with suitable 
cross diagonals in both directions were put under 
the section to be tested, leaving a clear gap of 
about 6 in. between the bottom of the slab and 
the top ledgers this structure being placed to 
catch the slab and load if failure occurred. 

Load consisted of 4xiI2x12-in. yellow tile 
laid flat three wide and seventeen long, the area 
covered by them being 19 X 3 ft., or 57 sq. ft. 
Tile were piled nineteen high. 

Actual tile, 19'X 17:X 3\=.60 >< 17 == 16,473 
lb., considering tile as being 17 lb. apiece. 
+ 57 = 289 lb. per square foot. The deflection 
under this load was % in. The span from center 
to center of beams was 19 ft., the clear span of 
the slab was 18 ft. 2 in. The width of the sec- 
tion tested was 3 ft., made up of three 4-in. joists 
and two 12-in. tile, 

Load was then increased until the tile were 
25 high. Tile, 25 “17 X 3 = 1275 < 17 = 21,675 


lb, 21,675 + 57 = 380 lb. per square foot with © 


tile at 17 lb. The deflection under this load 
was 3% in. When this load was removed, the 
deflection was reduced or went back until it was 
only 1/16 in. 

Actually weighing the tile gives the following 
results: Weight of tile was 384 lb. per square 
foot, or 17.2 lb. each. Roof slab weighs 58 Ib. 
per square foot and consists of 6-in. tile with 
2-in. concrete and %x1%4-in. Kahn bars spaced 
16 in. centers. There was thus 422 lb. dead and 


16,473, 
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live load. The live load was 7.7 times that for 
which the roof was designed, and the combined 
load during the test was 4.09 times the combined 
dead and live load used in the design. 

Test of Mezzanine Floor by Messrs. Cole and 
Ancona. A section between mezzanine beams 
A and D, columns 37-38 and 45-46, was cut out 
and prepared as described in the roof test.: The 
isolated section consisted of three joists and two 
tile. The 4x12x12-in. tile were piled four wide 
seventeen long and nineteen high. 19 X 17 X 4 
= 1,292 tile. Considering these tile to weigh 21 
Ib. apiece, 1,202 X 21 = 27,132 lb. The actual 
area covered by the tile was 20 X 4 ft., or 80 
sq. ft. 27,132 + 80 = 340 lb. per square feet. 
These weights are estimated. Actually weigh- 
ing the tile gives 384 lb. per square foot. The 
deflection was % in. On removing load, the de- 
flection returned to % in. The mezzanine floor 
slab consists of 10-in. tile and 2-in. concrete with 
34x2-in. Kahn bars on I7-in. centers, weighing 85 
Ib. per square foot. The total load during the 
test -was therefore 469 lb., 2.54 times the total 
dead and live loads for which the design was 
made. 


Tue Kamrinistiguia Power DEvELOPMENT. 


Sir: It may interest some of your readers- to 
know that there has recently been completed about 
25 miles west of Fort William on the Kaministi- 
quia River a reinforced concrete penstock which 
is operating successfully under a head of 15 ft. 
It is a part of the new plant of the Kaministiquia 
Power Co., which has just begun to supply cur- 
rent in Fort William and Port Arthur for light- 
ing, grain elevator and manufacturing purposes. 
The water is drawn from the river through a 
heavy wooden grating into an inlet chamber at 
the head of the penstock. The river is perfectly 
smooth for four or five miles above this intake 
and is frozen over early in the winter, so that 
little apprehension is felt regarding anchor ice 
troubles. In case any anchor ice should enter the 
inlet chamber, it can be easily flushed out through 
a sluice gate in the side of the chamber, so located 
that when it is opened a strong current is set up 
across the iron rack which keeps trash from en- 
tering the penstock. : 

The reinforced concrete penstuck or aqueduct 
is 7,200 ft. long, Io ft. in diameter inside, and 4 in. 
thick. Its axis is practically horizontal. It is 
reinforced with 9/16-in. mild steel circular hoops 
in the center of the thickness of the concrete and 
placed 6 in. apart, and by 5/16-in. rods running 
lengthwise and placed 6 in. apart around the 
whole circumference. In building the penstock, 
molds were employed which could be used re- 
peatedly. After the concrete had set, both the 
inside and outside surfaces were brushed clean 
and painted with tar and rosin. This use of re- 
inforced concrete has proved very successful, 
especially in trenches. ° 

The aqtteduct ends ata concrete forebay, which 
is provided with a spillway of the siphon type 
so that freezing weather will not affect it. From 
this forebay two 734-ft. steel pressure pipes lead 
to the power house.. These pipes are about 500 
ft. long and are. held by saddles on top of con- 
crete piers 12% ft. apart. In the power house 
there are two 6,786-h.-p. twin reaction Voith tur- 
bines with horizontal shafts, each direct connect- 
ed to a 500-kw., 400-volt, three-phase generator, 
and two: exciter units with single reaction wheels 
of similar make. These small wheels are sup- 
plied by 22-in. branch pipes from the main pres- 
sure pipes. 

The 4,000-volt current from the generators is 
delivered to selector switches and thence to the 
transformers, of which there*are two banks of 
three each. Each transformer is of 1,675-kw. 
capacity, 2,300 to 14,475 volts. The transformer 
leads are connected to two sets of 25,000-volt 
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buses, in parallel, with disconnecting switches. 
These buses can be connected to either or both 
of the 25,000-volt transmission lines by means of 
two motor-operated oil break switches. Each of 
the lines, which are separated the full width of 
the right-of-way, carries a three-phase circuit of 
No. 00 copper. 

I am tempted to send you these notes because 
they prove the importance of the facts stated 
in your editorial on the development of water 
powers printed in the Record of Dec. 29. This 
particular power plant is owned by a flour com- 
pany, the Ogilvie Milling Co., which had doubt- 
less learned by experience that coal was expen- 
sive on the Canadian shore of Lake Superior. 
At Fort William are the division headquarters 
and terminals of the Canadian Pacific and the 
Grand Trunk Pacific railroads, and Port Arthur 
is the division terminal of the Canadian Northern 
Railway. These companies have shops there, and 
there are nine grain elevators between them. The 
two towns seem destined to become important 
places where a considerable amount of power will 
be needed, and it seems to me that, in view of 
the price of coal there, this water power develup- 
ment and transmission line has a very promising 
future. 

Very truly yours, 


MunIisING, Jan. 23. - WALTER CHIPMAN,. 


THE PANAMA CANAL, 

Sir: Will you bé good enough to let me know 
just why it js that you speak from time to time 
of the type of canal at Panama as an unsettled 
issue? It seems to me that the matter was dfi- 
nitely settled by Congress and there is little 
chance of any reconsideration of its action. 

Very truly yours, 

New York, Jan. 26. INQUIRER. 

[The type of canal was not settled on engineer- 
ing grounds, but mainly by force of political con- 
siderations, and it is common knowledge that 
some Congressmen regret their vote for a ‘lock 
canal. It has been impressed on them, that the 
large majority of the international engineering 
board which reported in favor of a sea-level canal 
represented more experience with ship canals than 
any commission ever assembled before or since. 
Both the majority and minority of that :board 
agreed that a lock canal, once bufilt, could not be 
reconstructed, save at prohibitive cost and the 
cessation of canal navigation. Under these cir- 
cumstances the construction of a lock canal ties 
the United States for all time to a waterway in- 
capable of enlargement, for even if there should 
be a site for a double flight of locks at Gatun 
of ample size for present needs, there certainly 
is nv room for more of them. The history of 


*‘transportation im every land is one of surprising 


development, yet the selection of the 85-ft. lock 
canal defies the, teaching of this history and com- 
mits the country for all time to a policy that has 
no future and, even for the present, is against 
the majority opinion of the board of specialists 
appointed to settle the matter. While Congress 
has a keen eye for present needs, it has usually 
shown a careful consideration for the develop- 
ments of the future, and the action on the Panama 
Canal was strictly contrary to its general policy 
of avoiding decisions which will embarrass future 
generations. It is now recognized that the vote was 
not only bad public policy, but also very poor poli- 
tics on the part of the majority; so bad, indeed, 
that some way should be found for withdrawing 
from a poor position. Whether this belief that 
the President has fallen short of omniscence so 
far as the Panama Canal is concerned will result 
in a reconsideration of the type before it is too 
late, is a question this journal will not assume 
to answer. There is enough uncertainty about 
it, however, to warrant the opinion that it is an 
unsettled subject—EprrTor. ] 


